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FIGURES
Figure 1. Diagram of (a) cross-section 10-18 cm behind the pectoral fin of a female

sturgeon showing position of gonad in the body cavity and (b) detail show-
ing oocytes in relation to the ovarian wall and coelomic cavity.

Figure 2. Diagram of the sturgeon oocyte in cross-section showing (a) the
preovulatory oocyte with follicular envelope and (b) the disassociation of
the follicular envelope and the release of the oocyte into the coelomic
cavity.

Figure 3. Schematic representation of white sturgeon egg before (0 rain.) and after
(30 min.) freshwater exposure, showing the four layers of the egg envelope:
J (jelly layer), L3 (layer containing ducts, or micropyles), L2 (layer contain-
ing bioscrews that anchor L3), and L1 (layer immediately surrounding the
oolemma). A, animal pole; V, vegetal pole. (Chert et al., 1985)

Figure 4. Scanning electron micrograph of white sturgeon egg demonstrating the
bioscrews (arrows) of L2 that anchor L3 and the jelly to the egg. 2500X.
(Cherr et al., 1985)

Figure 5. Scanning electron micrographs of white sturgeon egg. (a) Egg surface with
jelly removed, showing micropyles at the animal poles. 500X. (b) Fracture
through a micropyle down to L1, showing micropyle extension to the
oolemma. 1800X. (Cherr et al., 1985)

Figure 6. Schematic diagram of white sturgeon spermatozoa. A, acrosome; N, nucle-
us; ME midpiece; E flagellum. (Chert et al., 1985)

Figure 7. Scanning electron micrograph of a white sturgeonone minute after in-egg
semination with white sturgeon sperm (103 sperm/egg). (a) Surface scan
with jelly layer removed, showing micropyles and numerous sperm. 500X.
(b) Higher magnification of a single micropyle with numerous sperm.
2500X. (Cherr et al., 1985)

Figure 8. White sturgeon embryo, early cleavage, four blastomeres. (Beer 1981)

Figure 9. White sturgeon embryo, early cleavage, eight blastomeres. (Beer I981)

Figure 10. White sturgeon embryo, advanced cleavage, with numerous micromeres in
animal hemisphere and larger’macromeres in the vegetal hemisphere.
(Beer 1981)

Figure 11. White sturgeon embryos, various stages of late cleavage. (Beer 1981)

Figure 12. White sturgeon embryo, showing the future dorsal lip as a narrow
pigmented line. (Beer 1981)

Figure 13. White sturgeon embryo, early gastrulation, showing involution of cells that
will result in the formation of the gastrocoele. (Beer 1981)

Figure 14. White sturgeon embryology. (Wang 1984)

CLVG = Early cleavage GSTR = Gastrulation
NEUR = Neurulation S-HRT = Formation of the heart
HATCH = Recently hatched sturgeon
PY-SPH = Formation of the pyloric sphincter
Y-DPL = Stage of yolk depletion
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Figure 15. White sturgeon embryo, yolk plug formation. (Beer 1981)

Figure 16. White sturgeon embryo, late yolk plug stage, with indication of the embry-
onic axis. (Beer 1981)
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Figure 19. White sturgeon embryos, various stages of neurulation showing body
definition. (Beer 1981)
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Figure 21. White sturgeon embryos just before hatch, showing differentiated embryos
enclosed in egg membranes. (Beer 1981)
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Figure 23. White sturgeon hatching from the egg tail first. (Beer 1981)
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Figure 33. Handnetting lake sturgeon broodstock. (Photo courtesy of the Wisconsin
Department of Natural Resources)

Figure 34. Power sling and weight scale used for large Atlantic sturgeon broodstock.
(Photo courtesy of the South Carolina Department of Natural Resources
and the U.S. Fish & Wildlife Service)
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broodstock.

Figure 36. Transferring sturgeon broodstock from a tube net to a stretcher.
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Figure 38. Sturgeon stretcher positioned on a notched sawhorse.

Figure 39. Close view of watertube and stretcher hood in use.

Figure 40. Close view of watertube extending through the stretcher hood and into the
sturgeon’s mouth.

Figure 41. Fiberglass holding tank for holding sturgeon females during hormone-
induced ovulation.
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Figure 51. Close view of the tygon tube used to remove an oocyte sample from a
female sturgeon.

Figure 52. Suturing a broodstock sturgeon following surgical examination.

53. Suture used close incisions made theFigure patterns to during surgicalexamina-
tion of sturgeon broodstock.

Figure 54. Cattle leg-band used to tag sturgeon broodstock.

Figure 55. Tagging instrument with numbered spaghetti tags used to tag sturgeon
broodstock.

Figure 56. Sturgeon oocyte samples in beakers containing Leibovitz incubation
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Figure 57. Sturgeon oocyte samples chilled on ice in beakers containing Leibovitz in-
cubation medium.

Figure 58. Bisecting a single white sturgeon oocyte along the animal-vegetal axis to
determine the position of the germinal vesicle (GV).

Figure 59. Six bisected white sturgeon oocyte samples used to determine the position
of the germinal vesicle (GV). The GV can be seen in each sample as a dark
sphere or smear in the cytoplasm or near the internal margin of the
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Figure 60. Diagram of a sturgeon oocyte showing the position of the germinal vesicle
(GV) in the cortical ooplasm of the animal pole and formula for determin-
ing stage. (Modified from Detlaf et al., 1981)

Figure 61. Adding predissolved progesterone maturation steroid stock solution to
culture plates containing sturgeon oocytes and Leibovitz incubation
medium.

Figure 62. Injecting sturgeon broodstock with spawning-induction hormone.
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Figure 64. Removing milt from a male sturgeon.
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Figure 66. Syringes containing sturgeon milt ready for storage at 4°C.
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Figure 69. Sacrificed female white sturgeon in preparation for egg removal.

Figure 70. A female paddlefish positioned on her back with belly cut to show the
ovarian mass.

Figure 71. Insertion of a knife point into the vent of a female white sturgeon, with the
cutting edge facing outside, begins the process of egg removal.

Figure 72. The cut is extended upwards while a bowl is positioned near the bottom to
catch the eggs.

Figure Care is taken to assist removal loose sturgeon eggs the ovarian73. of from
mass forced out of the cut by gravity.

Figure 74. The cut is extended to expose the total sturgeon egg mass. All loose eggs
are carefully hand-combed from the ovarian mass and body cavity.
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Figure 75. Surgery for egg removal being performed on a live female white sturgeon
to be retained for broodstock.

Figure 76. Eggs being spooned out a live sturgeon. Later the femaleof female white
will be sutured and allowed to recover in a holding tank.

Figure 77. Fertilization of sturgeon eggs by adding diluted milt to a bowl of eggs and
slowly mixing with a soft instrument or by hand.

Figure 78. Fertilized sturgeon eggs undergoing de-adhesion by hand-mixing with river
silt.

Figure 79. Pouring off the suspension of river silt during de-adhesion of sturgeon
eggs.

Figure 80. Adding a fresh silt suspension during de-adhesion of sturgeon eggs.

Figure 81. Hand-counting sturgeon egg samples from a known volume to obtain an
estimate of the total spawn.

Figure 82. Modified trout barrel used in incubation to incubateegg two-stage systems
sturgeon eggs until the neurulation stage of early embryonic development.

Figure 83. Diagram of a sturgeon hatchery system using modified MacDonald jars.
UV = ultraviolet treatment. (Monaco and Doroshov 1983)

Figure 84. Diagram of a sturgeon hatchery system showing water flow scheme.
(Monaco and Doroshov 1983)

Figure 85. Spray-bar aeration system in header box and attached UV unit of a
sturgeon hatchery system.

Figure 86. Modified MacDonald jars showing the clear acrylic sleeve extending to the
bottom of the jar and covering the water delivery pipe cut at a 60-degree
angle.

Figure 87. Loading the modified trout egg barrel with fertilized sturgeon eggs that
have undergone de-adhesion.

Figure 88. A 3.0-mm mesh screen used to cap the modified trout egg barrel and pre-
vent sturgeon eggs from flowing out with the discharge water.

Figure 89. Modified MacDonald jars loaded with sturgeon eggs before initiation of
water flow. (Photo by Jack Kelly Clark)

Figure 90. Close view of eggs in modified MacDonald jars before initiation of water
flow.

Figure 91. Sturgeon eggs in modified MacDonald jars after water flow is initiated.
(Photo by Jack Kelly Clark)

Figure 92. A hatchery showing the use of extension tubes to directsturgeon system
water flow from the hatchery jars to the water recirculation system, the
larval collecting tank, or a silt sump.
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Figure 93. Sturgeon larval collecting tanks receiving water flow and fry from the
hatchery system.

Figure 94. White sturgeon fingerlings prepared for shipment in plastic bags.

Figure 95. Oxygen inflation of double plastic bag containing water and white sturgeon
fingerlings for transport.
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ship of the paramesonephric duct and kidney (Appendix 4).
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INTRODUCTION

The first successful, large-scale finfish hatcherythe 1950s as part of mitigation programs to com-
programs in the United States were established bypensate for habitat alterations. Technical obsta-
federal and state agencies given the responsibilitycles to artificial propagation were overcome, and
for our natural resources. These programs werecurrently the U.S.S.R. operates approximately 20
established to replenish commercial and sportshatcheries and releases 70 to 100 million finger-
fisheries that were in decline due to overexploita- lings annually. These programs reportedly have
tion, environmental degradation, or loss of habitatrestored the sturgeon fisheries of three species to
caused by other human activities near and inhistorical levels and currently contribute 75 per-
water environments. Although the impact of cent of the world’s sturgeon catch. The annual in-
hatchery-produced finfish on natural populationsternational sturgeon fishery landings today are
is controversial, salmon and trout fisheries wouldbetween 20,000 and 40,000 metric tons and are
not exist under contemporary pressure withoutprimarily located in the Soviet Union and Iran. The
hatchery supplementation. Ideally fisheries-success of the sturgeon mitigation programs in the
mitigation programs would be multifaceted, en-Soviet Union stimulated interest in reinitiating
compassing protection of the integrity of naturalsturgeon research in the United States, and the
stocks, environmental restoration and protection,work of Detlaf, Gerbilsky, Ginzburg, Kozin, and
and hatchery supplementation where necessary,their associates provided an information base that
In some instances in which species are threatenedhas allowed rapid progress for sturgeon programs
or endangered, hatchery production may play ain North America.
significant role in maintaining these populations. In 1979 a grant from the U.S. Fish and Wildlife

Sturgeon stocks have experienced worldwideService to researchers at the University of Califor-
decline not only because of the impact of humannia led to a resurgence of sturgeon research in the
activities on sturgeon habitat, but also because ofUnited States. Currently, efforts on the West
the high value of the fish flesh and the caviar pro-Coast, in the Great Lakes area, and on the East
duced from the eggs. Fishing pressure combinedCoast have accelerated both hatchery and fisheries
with environmental pressure from dam construc-research, with the ultimate objective of rebuilding
tion and development of adjacent watersheds areU.S. sturgeon populations. The development of
the major factors contributing to stock decline,hatchery technology for the white sturgeon has
Historically, sturgeon products have been consid-allowed creation of a growing commercial stur-
ered valuable in Europe, Asia, and North America. geon aquaculture industry on the West Coast, and
Before 1900 the United States sturgeon landingsinitial plants of hatchery-produced stocks have
were estimated to be 15 million pounds on the Eastbeen made through efforts of federal and state
Coast and 10 million pounds on the West Coast. To-agencies in cooperation with universities and
day the U.S. commercial fishery is small and con-private industry.
sists primarily of white and Atlantic sturgeon (see This resurgence in sturgeon research and the
Appendix 2 for sturgeon fishery statistics), successes in hatchery development have created a

The international demand for sturgeon, bothneed for transfer of technical information to
for its flesh and for its caviar, has always placedpublic and private sector aquaculturists. The in-
pressure on the world’s sturgeon fisheries. Theformation in this manual is based primarily on
decline in sturgeon stocks was recognized in Rus-techniques developed for hatchery production of
sia and the United States in the second half of thewhite sturgeon at the University of California at
1800s, and the first recorded attempts at artificialDavis but can be applied to all North American
propagation of sturgeon were made by Ovsyan-Acipenseriformes. Modifications of the tech-
nikov in Russia (1870) and by Green in the Unitedniques will be employed as more information is
States (1875). Programs to artificially propagatedeveloped. This technology demonstrates great
sturgeon were established in North America, andpotential for full hatchery system development
significant efforts were made between 1875 andand the production of fingerlings in sufficient
1912 to develop hatchery technology for Atlantic,numbers for mitigation programs and commercial
and lake sturgeon. A few efforts were made after production in the United States. Many of the same
1912, but by 1920 serious interest in artificialtechniques described are used in institutional and
propagation of sturgeon in North America was agency hatcheries in Wisconsin and South Caro-
abandoned, lina for the lake, Atlantic, and shortnose sturgeons,

Sturgeon hatchery research continued in theand for paddlefish in Missouri (for a summary of
Soviet Union, however, and was accelerated duringculture techniques by species, see Appendix 3).

1
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Information for use in this manual has been pro- The manual contains two reference sections, a
vided by all of these research units and by com-comprehensive reference list (General References)
mercial hatcheries in California. and a numerical list of those specific references

The manual is organized to provide basic in-from the general reference list that pertain to each
formation on the biology of North American section of the manual (Section References). This
Acipenseridae in the early sections, followed byapproach was used to provide the maximum infor-
sections containing specific information on prac-marion to hatchery personnel. In addition to the
tical hatchery techniques. The basic informationspecific references used in the manual sections,
covers the natural distribution of the species andthe General References list contains additional
biological information on sturgeon that will makecitations that contain valuable information for
clear why particular techniques are used in thesturgeon biologists.
manual. As with all technologies, this information will

The Appendixes begin with a conversion tablebe refined, further developed, and altered as re-
for English and metric units (Appendix 1) and pre-quirements are identified for specific species at
sent additional information on specific subjects,specific locations. The manual should be viewed
including additional techniques used by sturgeonas providing a base of practical hatchery informa-
hatcheries across the United States. Although thetion for sturgeon that may be modified to fit dif-
manual focuses on the white sturgeon, specificferent hatchery needs and different requirements
hatchery information on the lake, Atlantic, green,of other species of sturgeon as the information is
pallid, shovelnose, and shortnose sturgeon and thedeveloped. This manual is a beginning for North
paddlefish is summarized in Appendix 3. American species, and we wish to thank all who

contributed to its production.
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SECTION I
Distribution and Natural History

of North American Sturgeon and Paddlefish

Overview spawn in areas of swift current. The relatively

Sturgeon belong to the family Acipenseridae andlarge eggs are demersa! and adhesive, and fertil-

paddlefish to the family Polydontidae. Seven spe-ized eggs undergo holoblastic cleavage.

cies of sturgeon and one species of paddlefish are
found in North America: the white sturgeon (Aci- White Sturgeon: Acipenser

penser transmontanus), the green sturgeon (A. transmontanus Richardson
medirostris), the Atlantic sturgeon (A. oxy- The white sturgeon inhabits drainage systems of
rhynchus), the lake sturgeon (A. [uIvescens), the the Pacific coast of North America from the Aleu-
shortnose sturgeon (A. brevirostrum), the shovel- tian Islands of Alaska south to Ensenada, Mexico.
nose sturgeon (Scaphirhynchus platorynchus), the It is found in salt, brackish, and freshwater.
pallid sturgeon (S. albus), and the American pad-Although some populations may be considered
dlefish (Polydon spathula). A summary of selected anadromous, others remain in freshwater year-
biological data for each species is presented inround. A landlocked population is known in the
table 1 at the end of this section, upper Columbia River, and there are indications of

Sturgeon and paddlefish are a primitive stockone in California’s Lake Shasta.
of teleost fish that evolved approximately 250 The white sturgeon is usually uniformly gray
million years ago. They are chondrostean fish ofand is identified by the arrangement of its four
the order Acipenseriformes, and representativesbarbels in a transverse row beneath a short, broad
are known for their longevity and large size. Thesesnout, with the barbels closer to the tip of the
fish are distinguished from modern teleosts by asnout than to the mouth, and by its 38 to 48 lateral
skeleton that is mostly cartilaginous, a notochordbony plates.
that persists into adulthood, primitive fin and jaw In fall and winter, anadromous and semi-
structures, a spiral valve intestine, and a heterocer-anadromous adults leave the ocean and estuaries
cal tail. Most sturgeon species have a spiracle,and ascend upstream to spawn. Downstream
Sturgeon have five rows of large, dermal bonymigration occurs in late spring and summer.
plates, or scutes, and some ganoid scales. TheirSpawning is thought to occur in areas of deep
protrusible mouths draw in benthic organismsgravel riffles, in deep holes, and over rocky bot-
detected by sensitive barbels beneath their snouts,toms in areas of swift current. Like other stur-
The American paddlefish has scales on the uppergeon, white sturgeon feed on an array of benthic
lobe of the caudal fin, like the sturgeon, butinvertebrates, but the larger individual fish are
possesses a smooth, scaleless body, and is a filterpiscivorous.
feeder.

Sturgeon and paddlefish inhabit temperate Green Sturgeon:
waters in northern Europe, Asia, and North Acipenser medirostris AyresAmerica. They incIude anadromous, semianadro-
mous, and freshwater forms, and all species spawnThe green sturgeon is found in North America and
in freshwater. A relatively small number of stur- Asia. The Asian populations are in China, north-
geon are truly anadromous, as defined by living ex-ern Japan, Korea, and the Soviet Union, and the
clusively in a marine environment and returning toNorth American populations are in coastal areas
freshwater only to spawn. The best examples offrom the Gulf of Alaska to southern California.
anadromous North American sturgeon are theGreen sturgeon are anadromous but are rarely
green sturgeon and the Atlantic sturgeon. Whiteseen in freshwater. They do migrate long distances
sturgeon are best defined as semianadromous,up freshwater rivers to spawn but are more corn-
They live primarily in estuariesoflarge rivers, aremonly found in bays, sounds, and the lower
euryhaline, and often form landlocked stocks inreaches of large rivers.
lakes and reservoirs. Sturgeon are iteroparous, The green sturgeon is similar in appearance to
spawn several times in a lifetime, and femalesthe white sturgeon, and the two species are often
spawn at intervals ranging from 2 to 8 years. Ma- found together along the west coast of North
ture adults participate in a seasonal upstreamAmerica. In contrast to the white sturgeon, the
migration, and reproductively active fish usuallyfour barbels are nearer the mouth than to the tip
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of the snout, and the snout is more elongated andIn Canada it is found as far north as the Seal River
narrower, appearing concave in profile. There areon the west coast of Hudson Bay in Manitoba, and
23 to 30 lateral bony plates. The green sturgeonits range also extends from the Brazeau River in
does not grow as large as the white sturgeon. ItAlberta east to Cape Brule in the St. Lawrence
has a characteristic dark green to olive green colorEstuary in Quebec. In the United States it is found
and olive green longitudinal stripes along eachin lakes and rivers in a triangular-shaped area that
side. extends west of the Appalachians, south to the

The green sturgeon is less abundant than theCoosa River system of Alabama, across southern
white sturgeon and spends more time at sea. ItsArkansas, and northwest following a line through
life history is largely unknown but is believed to bethe Missouri River.
similar to that of the white sturgeon. It can be The lake sturgeon is a freshwater species, but
found at the mouths of rivers in August and in Canada it is occasionally found in brackish
September and appears to move into freshwater inwater. It is usually brownish or gray above and
the fall and winter prior to spawning in the spring,white or mottled underneath, with 30 to 38 lateral

plates. It prefers shallow water and is usually
Atlantic Sturgeon: found at depths of less than 4.5 meters over mud

or gravel bottoms in lakes or large rivers. Its dietAcipenser oxyrhynchus Mitchill is primarily benthic macroinvertebrates, especial-
There are two subspecies of Atlantic sturgeon, ly insect larvae. Winters are spent in relative inac-
Acipenser oxyrhynchus oxyrhynchus and A. ox- tivity in deep, well-aerated pools.
yrhynchus desotoi, the latter also known as the In early spring, lake sturgeon migrate to
Gulf of Mexico sturgeon. Historically A. o. ox- smaller rivers or very shallow areas of lakes to
yrhynchus was found along the Atlantic coast of spawn. They reportedly move in mixed groups of
North America from the Hamilton River in Labra- individuals of different ages, sizes, and stages of
dor, Canada to eastern Florida, and A. o. desotoimaturity. When close to shore, lake sturgeon
was reported to inhabit the Gulf of Mexico, Ber- spawn near the surface but more commonly
muda, and the northern coast of South America.spawn in river rapids less than 4.5 meters deep or
Today populations of the two subspecies are sharp-at the base of fails. During spawning, females have
ly reduced. A. o. oxyrhynchus occurs from Labra- been observed lying together in groups of two or
dor to northeastern Florida, and A. o. desotoi is three with one or two males accompanying each
confined to the northeastern Gulf of Mexico, from female.
the Mississippi Delta east to the Suwannee River Shortnose Sturgeon: Acipenserin Florida.

The Atlantic sturgeon is brownish black on the brevirostrum (LeSueur)
back and top of the head, pale on the sides, andThe shortnose sturgeon ranges along the eastern
whitish underneath, with 24 to 35 lateral plates, coast of North America from the St. John River in

Both subspecies are anadromous. JuvenileNew Brunswick, Canada, south to the St. Johns
Atlantic sturgeon inhabit the lower reaches ofRiver in eastern Florida. It is considered endan-
rivers and estuarine areas until migrating to sea atgered in the United States. Over the past 35 years,
4 to 6 years of age. They continue their growth tosightings of shortnose sturgeon have come from
maturity at sea, and reproductively active adultsthe St. John River, Canada, the Sheepscot and Ken-
move to freshwater for spawning. Spawning oc-nebec Rivers in Maine, the Hudson River in New
curs in rivers at water temperatures ranging from York, the Connecticut River in Massachusetts, the
13 to 18°C at depths of ll to 13 meters, usually inAltamaha River in Georgia, most larger rivers in
areas of turbid water over hard, clay substrate. South Carolina, and the St. Johns River in Florida.

Atlantic sturgeon generally remain near the It prefers coastal river systems but can also move
rivers where they spawn until they migrate to sea. into brackish and fully marine conditions.
While in freshwater, the young feed on aquatic Some populations, like that of the St. John
insects, amphipods, oligochaetes, and Pisidium. InRiver, migrate to more saline areas only on a
the sea, adults consume gastropods, shrimp, am-seasonal basis, whereas others are more truly
phipods, and small fish, especially sand lances,anadromous, spending a significant portion of
Ammodytes. their lives at sea. Gulf of Maine shortnose stur-

geon appear to travel to sea some distance from
Lake Sturgeon: Acipenser fulvescens the home stream, but in general this species is not

(Rafinesque) as migratory as other sturgeon. A landlocked
population is known from the Holyoke Pool of the

The lake sturgeon is found in many of the largeConnecticut River.
lakes and rivers of Canada and the United States. As its name suggests, the shortnose sturgeon
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is characterized by a short, blunt snout. The lat-more, 24 or more anal fin rays, and the position
eral scutes are clearly paler than the background,and length of the barbels.
The head and back are dark, the underside is The diet of the pallid sturgeon consists of
white, and the mouth is wide. Young shortnoseaquatic insects and small fish. It is a freshwater
sturgeon have very small, conical teeth and arespecies that spawns between June and August in
thought to feed on protozoa, crustacea, and smallflowing waters. Otherwise, little is known of its
insects. The adults feed primarily on molluscs,life history.
They assume adult body proportions at about 61.0
cm total length. Shortnose sturgeon spawn in
freshwater in the spring, usually over rubble inPaddlefish: Polyodon spathuta (Walbaum)

Paddlefish belong to the same order as sturgeonof swiftareas current.

but are in the family Polyodontidae. There are two
Shovelnose Sturgeon: Scaphirhynchus living species, Psephurus gladius of the Yangtze

platorynchus (Rafinesque) River in China and Polyodon spathuIa of the
United States. The American paddlefish was once

The shovelnose sturgeon is found throughoutcommon throughout much of the Mississippi
much of the Mississippi and Missouri Rivers andValley and the Gulf slope drainages, from the San
in portions of their larger tributaries. It extendsJacinto River in Texas east to the Mobile Bay basin
northwest through Montana, eastward into Penn-in Alabama. The species was known in Lake Erie
sylvania, and south to the Mississippi Delta.before 1903, but its status in the Great Lakes has
Although it was once common throughout itsbeen uncertain since. Like most sturgeon, the pad-
range, its current numbers are small. The speciesdlefish has declined in abundance due to habitat
tolerates high turbidity and is usually found inloss and overharvest. At present it is found in scat-
river channels in areas of strong current. Theirtered locations throughout the Mississippi Valley
diet is composed mostly of aquatic insect larvae,and the Gulf slope drainages, with the only sizable

The shovelnose sturgeon is pale brown or palepopulations in the Osage drainage system in Mis-
yellowish olive, without blotches or spots. The bel-souri. The largest populations now are in large,
ly is covered with small, bony, scalelike plates. Thefree-flowing rivers rich in zooplankton, its dietary
snout is broad, flat, and shovel shaped. The bodystaple, but fish are also found in impounded
is slender and the tail ends in a long filament,waters where there are suitable spawning sites.
Mature adults spawn in the spring and early sum- The most distinctive feature of the paddlefish
met over rocky substrate in the channels of largeis its paddle-shaped rostrum that makes up one-
rivers in rapidly flowing water, third of its total length. The dark, gray-green body

is scaleless and lacks the bony plates or scutes
characteristic of sturgeon. Paddlefish are found in

Pallid Sturgeon: Scaphirhynchus albus rivers at depths of 3 meters or more, but in spring
(Forbes and Richardson) and summer are often active near the surface and

may be seen leaping out of the water. They haveThe pallid sturgeon is primarily restricted to thealso been observed in saline waters.main channels of the Missouri and the lower half Paddlefish feed primarily on plankton, espe-
of the Mississippi Rivers and certain of theircially copepods, and some insects, algae, and planttributaries. It is usually found in extremely turbidfragments. Adults filter the microscopic food
waters in areas of strong current. It is less abun- through gill rakers while swimming through the
dant than the closely related shovelnose and is con-water open mouthed. They migrate upstream tosidered threatened or endangered throughoutspawn as water levels rise in spring and summer.most of its range. When the shovelnose and pallidThey sometimes spawn in swift water over gravelsturgeon occur together, the pallid sturgeon pop-bottoms or over sand and pebbles at depths of 4.5
ulation appears as the minority species and into 6 meters, sometimes in schools. In years whensome instances is outnumbered by the shovelnosestream levels and water temperatures are not
by a ratio of 40:1. Extensive hybridization oftensuitable for spawning, females reabsorb their eggsoccurs between the two species, a situation thatand return downstream without spawning.may lead to the extinction of the less abundant
pallid sturgeon in some areas.

The pallid sturgeon has coloring similar to Status of Sturgeon and Paddlefish
that of the shovelnose; it is light brown dorsally Species in the United Statesand white on the ventral side. It is distinguished
from the shovelnose sturgeon by its lack of bonyThe U.S. Fish and Wildlife Service, in concert with
plates on the belly, dorsal fin rays numbering 37 orthe various states’ Departments of Natural Re-
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I sources, establishes regulations to protect the in-and state resource agencies in several states is in
tegrity of wildlife populations. The regulations the process of change. Before working with stur-
govern the commercial and sports harvest of ageon populations, contact the Regional Office of

I species or prohibit harvest or disturbance of thethe U.S. Fish and Wildlife Service and the State
population to protect the species. With respect toResources Agency in your area. Additional infor-
foodfish species from the natural resource, themation on the status of sturgeon can be obtained
ultimate objective is to regulate a sustainedfrom the U.S. Fish and Wildlife Service, Endan-I harvest of stable populations both in the gered Species Office, Washington, DC. Addressescommer-
cial and sport fishing sectors, for regional offices are listed in the front of this

Sturgeon populations in the United States aremanual.

I in decline, and their status as regulated by federal

I TABLE 1. Summary of selected biological data for the North American Acipenseriformes*

Age and Fecundity Time to
Maximum Maximum size at (eggs/ Spawning of hatch under

Species weight lengtht maturity female) Migratory habits wild populations cultureI White 816 kg (44) 610 cm FL (32) Males: 100,000 Semianadromous, anadromous, California: 7-8 days at
Sturgeon 9-22 yr to and landlocked populations, mid-February- 14o-16°C

(32,184) Mature adults move upstream in late May at (64)
4,700,000 spring to spawn, return down- 7.8°-22.2°C (109)

i Females: (156) stream late summer (63,150,170).11-34 yr In ~ower Columbia River, jure- Oregon:
(184) and at niles move upstream late sum- May-July at
least 110 cm merofall up to 160 km and down- 9°-17°C (32)
(156) stream spring-early summer Canada:

I (183,7). In mid-Columbia River, May and June (183)
smaller sturgeon move down-
stream in summer and larger
individuals move upstream sum-
mer and fall (96,97). Tagged indi-

I viduals have traveled up Pacific
Coast 1,000 km, but movement at
sea not well known (36,121).

Atlantic 369 kg (207) 427 cm TL (207) Males: 500,000 Anadromous. Most growth oc- Georgia, Florida, 94 hr at

I Sturgeon 5-24 yr curs at sea (183,186,187). Move South Carolina: 20°C (54)
(183,187) to into freshwater before spawning February (186,187)

3,760,000 season, which ranges from 168 hr at
Females: (32,183) February-July (186). Known Chesapeake Bay: 17.8°C (210)

7-30 yr to migrate up to 1,500 km (183). April (186) 108-140 hr at
(67, 187) Delaware River: 14.5°-22°GI May at 13.3°-17.8°c (190)

(23) 121-140 hr at
Hudson River: 16°-19°C

late April-May (186) (189)I Gulf of Maine:
May-June (186)

St. Lawrence River:
late May-early July

I (183)
* Numbers in parentheses indicate reference citation. (continued)
t TL---total length, from tip of lower jaw or end of snout to tip of longest caudal lobe; SL--standard length, from tip of lower jaw or end of

snout to end of vertebral column; FL= fork length, from tip of lower jaw or snout to center of fork of caudal fin.

!
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I      TABLE 1. continued

Age and Fecundity Time to

I Maximum Maximum size at (eggs/ Spawning of hatch under
Species weight lengtht maturity female) Migratory habits wild populations culture

Lake 140.6 kg (94) 241.3 cm (94) Males: 50,000 A freshwater species, some- Quebec: 80-105 hr at
Sturgeon 12-22 yr to times found in brackish water begin May-end June 20°C (212)

i (94,176,183) (32,90). In spring as ice melts at 18.4°C
and at least 3,755,745 migrate to smaller rivers to (135,207,210) 380-430 hr at

10°C (212)76 cm (94) (49,207) spawn, or sometimes to very Ontario:
shallow areas of lakes (94). end May-early June 5-8 days atFemales: Migrate up to 400 km (207). at 12°-19°C (32) 15"6°-17’8°C"14-33 yr Tagging studies show some (94)I (94,176,183) males return to same spawning Lake Champlain:and at least 4-8 days at

84 cm (94)             grounds in different years (32).      mid-end May (94)     13°-16°C (51)
Some also show a homing Minnesota:tendency, returning to "home
lake" after spawning (94). last 3 weeks May (94) 8 days at

15°-16°C (160)I Wisconsin:
mid-April-mid-May
at 12°-15°C (32,73)

Manitoba:

I mid-June (94)
[optimum water tem-
perature for spawning:
13°-18°C (183)]

I Short- 23.6 kg (52) 143 cm TL (52) Males: 27,000 Anadromous, but not as mlgra- Connecticut River: 8 days at
nose 4-26 yr

to
tory as other sturgeon (183). May at 10°-15°C 17°C (26)

Sturgeon (88,201,52) Spawn in brackish areas of (201) 12 days atand at least 208,000 tidal rivers (89). Spawning Hudson River: mean of

i 47.5 cm (88) (52) population of St. John River, April (88) 11.7°C (214)Canada migrates upstreamFemales:
6-20 yr spring-summer, downstream St. John River, Canada: 13 days at

fall, up to 30 km (52). Many mid-May-mid-June at 7.8°-12.2°C(88,201,52) ripening females and some 10°-15°C (51) (146)and at least

I 52 cm (52) males of this population also Delaware River: 111-121 hr atmove upstream in fall and over- mid-April (146) mean ofwinter In freshwater areas next
to spawning grounds (52). Cohort 20°C (188)
migration or pair bonding 136 hr at
thought to occur (52). Connectl- mean ofI cut River population moves up- 18°C (188)
and downstream between dif-
ferent parts of river for summer
feeding, spawning, and over-
wintering, In addition to a fall andI spring spawning migration (27).
Some adults remain in fresh-
water year-round (27).

i Paddle. 83.5 kg (72) 216 cm SL (1) Males: 82,397 A freshwater species, known Missouri: 12 days at
fish 7 yr (32)and to spawn in rapidly flowing April-June at 12.7°-15°C

at least 100 to water over large gravel bars 16.1°C (12,167) (168)
cm (32,205) 608,650 (167). Migrate upstream in

Females: (158-172) early spring as rivers rise 2-3 Mississippi River from 10-12 days at
the mouth of the 11.1°-14.4°C

i meters and water temperature9-14 yr (177)
(32,205) and reaches 10°C (167,195). As water IIIInOiSmouth ofRiverthe tOohio:thelevels recede, downstreamat least migration occurs (167,195). end April-begin May 7 days at
108-130 cm (205) 18"3°-21’2°C
(32,205) (167)

I 9-10 days at
14°C (12)

Green 159 kg (44) 230 cm FL (156)Age and size ----.~ Anadromous, but mlgratory Spawn in spring ---
Sturgeon at maturity habits not well known. Seen (120,183)I not reported, at mouths of large rivers August

and September (120,183). Appear
to move into freshwater during
fall-winter for spawning In
spring (120,183). Travel upI Pacific Coast 1,000 km and
spend more time at sea than
white sturgeon (36,150).

~:----indicates data unavailable. (continued)
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TABLE 1. continued

Age and Fecundity Time to
Maximum Maximum size at (eggs/ Spawning of hatch under

Species weight lengtht maturity female) Migratory habits wild populations culture

Pal/id 30.8 kg (32) 168 cm TL (25) Males: ----:~ A rare and little known fresh- Illinois:
Sturgeon mature 3-4 yr water species that prefers very June and July (122)

at 53.3-58.4 turbulent waters and spawns in
cm (104) flowing waters in spring (34) Missouri:

Females: and early summer (122). spring (34)

Age and size
at maturity
for females
unknown
(104)

Shovel- 4.5 kg (32) 85.3 cm FL (123) Adults mature ---- A freshwater species that Kansas:
nose at 5-7 yr (123) spawns in channels of large April (32)
Sturgeon and at least rivers in areas of strong current

35.6 cm TL . over rocky substrates (123). South Dakota:

(32) late May-early July
(32,155)

$----indicates data unavailable.
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SECTION II
Gamete Biology

Overview spermatogenesis (sperm formation). Both proces-

Compared with modern teleost fish, most sturgeonses of gametogenesis are obviously of equal impor-
tance, but attention has been given to oogenesisspecies are longlived and require more time tobecause of its greater biological complexity, asmature and produce viable sperm and eggs.

Anatomical and cytological sexual differentiation well as the far greater difficulties encountered
when obtaining viable eggs for hatchery opera-occurs unusually late and is not apparent in sometions. Mature females are difficult to obtain fromspecies until they are 2 to 9 years of age. There is

evidence, however, that the gonadal developmentwild stocks and at this time are even more difficult

depends more on size than age. Some species heldto raise from hatchery-produced stock. Although

in captivity and exhibiting faster growth have no mature eggs have yet been obtained from North

matured earlier than fish in the natural environ-American domestic broodstock, production of

ment. White sturgeon males produced from hatch-eggs from hatchery-produced female sturgeon is
expected in the near future. More rapid progressery stock have exhibited sexual maturity at 4 years

of age and have been used to fertilize eggs fromhas been made in the maturation of hatchery-

females caught in the wild. produced male sturgeon, and milt from these

Females of all sturgeon species spawn severalanimals has been used to fertilize wild-caught
females.times in their lifetime but never spawn in con- The process of gametogenesis in sturgeonsecutive years, as it takes longer than 1 year to pro-

duce mature eggs. Intervals of 2 to 8 years be-species follows the general pattern of other teleost
fish. For our purposes, we will limit discussiontween spawns are common for some species. In a

given spawning run the sexually active populationhere to a summary overview of specific events in
gametogenesis that will facilitate a betterwill consist of different age classes, compriseunderstanding of subsequent sections on brood-different-size fish, and include only 10 to 20 per-

cent of the total adult sturgeon population of thatstock capture, broodstock examination, spawning
species in the area. In addition, fecundity variesinduction, and egg fertilization. More detailed
extensively among species and among individualsdescriptions may be obtained from the section
in a species, references.

The techniques for fertilizing sturgeon eggs Oogenesisdiffer from those used with salmonids because of
inherent differences in sperm and egg structure,As female sturgeon mature, profound changes oc-
physiology, and biochemistry. Although consider-cur in their ovaries, including the formation of
able information on sturgeon gametes and theirgerm cells that ultimately become mature oocytes.
development is available, the information is notThese cells start as small oogonia (less than 0.15
complete. Because these events influence howmm in diameter) that proliferate along the borders
eggs and sperm are treated during artificial prop-of the ovarian folds consisting of germinal epithel-
agation, an understanding of the current literatureium and adipose or fatty tissue. At the onset of
is essential to hatchery success. The techniquesmeiosis, the oogonia become primary oocytes,
for egg fertilization are the same for the different which undergo two periods of growth, the first
species of sturgeon; most of the information onassociated with an increase in cytoplasm volume
sturgeon gametes is based on the Russian species(previtellogenesis) and the second with deposition
(the Russian sturgeon, Acipenser guldenstadti, the of yolk platelets (vitellogenesis). As vitellogenesis
sevruga, A. stellatus, and the beluga, Huso huso)continues, the oocyte enlarges to an approximate
and on the white sturgeon (Acipenser transmon- 3.8 mm, final size prematuration stage. The
tanus). In this section we will review critical previtellogenic growth phase takes 2 or more
elements of gametogenesis, provide informationyears, whereas vitellogenesis occurs within 1 or 2
on mature gametes, and describe the process ofyears and requires a synthesis of yolk precursor
fertilization, secreted by liver cells. During this period, the

gonadosomatic index, or relationship between
gonad weight and somatic tissue, increases dra-Gametogenesis matically, to 20 or 30 percent in some species. The

Gametogenesis is the production of mature germchanges in the developing oocyte from the comple-
cells and includes oogenesis (egg formation) andtion of vitellogenesis to spawning have been
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studied extensively in the Russian species of stur- At the completion of vitellogenesis, the
geon and are described in detail by Detlaf et al.oocytes are considered ripe, but additional de-
(1981). The following description is based primari-velopment is necessary before they are capable of
ly on those descriptions and is applicable to North being fertilized. The ripe oocyte, covered by a
American species, follicular envelope, undergoes polarization. In

During spawning migrations female sturgeon this process the oocyte differentiates into a vegetal
enter the river systems carrying late-stage vitel-hemisphere filled with large granules of yolk and
logenic oocytes. Females that will spawn migratelarge oil droplets and an animal hemisphere con-
toward the spawning ground, and their oocytes raining a large mass of cytoplasm with smaller
continue to mature. Their ovaries contain vitello- granules of yolk and small spheres of oil. Im-
genic, darkly pigmented oocytes, and small, unpig-mediately beneath the oocyte surface is a layer of
mented oocytes that are in the previtellogenicsmall vesicles called cortical granules, and the pig-
phase. The small, underdeveloped oocytes will re-meat granule layer.
main in a previtellogenic stage until after the The nucleus of the polarized oocyte is larger
older, larger vitellogenic oocytes are spawned,than that of a typical somatic cell. It contains four
They will become the next generation of oocytes tosets of chromosomes (4n), and is called a germinal
be spawned in a later migration, vesicle (GV). Reduction of the egg genomic content

Each vitellogenic oocyte plus its follicular occurs only during ovulation (to 2n) and postfer-
envelope is called a follicle. The follicular enve-tilization (to n). As the polarization progresses, the
lope consists of two layers, the follicular (granu- GV migrates from its central position into the
losa) layer immediately adjacent to the surface ofanimal hemisphere. Oocyte development is con-
the eggs and a fibrous layer, called the theca,sidered complete, and the oocyte in a preovulatory
which contains blood vessels. The follicles on the condition when the GV has migrated to the animal
side of the ovary that faces the coelom are coveredpole and is positioned in the cortical ooplasm of
by a thin layer of epithelium. Those on the oppo- the animal hemisphere. These events have been
site side are adjacent to the ovarian wall (fig. 1).used to judge the maturity of oocytes that are
Female sturgeon are gymnoovarian, meaning theremoved from a female broodfish. In this state the
eggs are not membrane-bound but proliferate fromGV is surrounded by small, finely granulated yolk
the ovary into the coelomic cavity and are covered in the animal hemisphere, and the yolk granules
by a simple epithelial layer, and oil droplets in the vegetal hemisphere have

achieved their maximum size. In addition to the
two follicular layers, the oocyte has its own enve-
lope, the zona radiata, consisting of an interior, ex-

Ao DORSAL terior, and gelatinous layer. Precursors of future

~ channels (micropyles) through the three layers to
Muscle the surface of the egg are forming at this time. TheMuscle

Kidney~\ micropyles, formed by specialized follicular cells,
~\ penetrate the oocyte envelope at the animal pole.

~iI~~~--~g uos, When these events are completed, the oocyte is
considered capable of responding to the hormonal

/ \~~~Liver
stimuli necessary for ovulation and fertilization.

\x43~~:~-" sut After polarization is completed and immedi-
ately prior to spawning, the follicles undergo ~

\ VENTRAL process called final egg maturation. This process
B.

~"x~

is preceded by a massive release of gonadotropir
hormone from the sturgeon’s pituitary gland anc
an increase in concentration of this hormone ir

ovorian wotl-~/----~l/~i~~ the peripheral blood plasma (the ovarian surge o:
gonadotropin). Circulating gonadotropin stimuCoelomic C~vit,.~-- ~

Thin Epithetial~ lates a secretion of the maturation-inducing ster
Loyer

~,~ ~ old hormone by the two-layered follicular enve
Follicle. ~ lope. This hormone binds to the egg receptors am( follicular envelope -’~’~

and oocyte) stimulates the final maturation events leading t,
germinal vesicle breakdown (GVBD), which is thr
breakdown of the nuclear membrane and releas

Fig. 1. Diagram of (a) cross-section 10-18 cm behind the of the nuclear contents into the cytoplasm of thpectoral fin of a female sturgeon showing position of gonad in
the body cavity and (b) detail showing oocytes in relation to the animal pole. Vacuoles form between the follicula
ovarian wall and coelomiccavity, cells and the gelatinous layer of the oocyt~

10
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The number of vacuoles increases until thesynchronous: ovulation is thought not to occur in
follicular layer eventually separates from the sur-all preovulatory oocytes at the same time but to
face of the oocyte. Ovulation is the breakdown ofprogress in a wave from the posterior to the
the follicular envelope surrounding the individualanterior end of the ovary over a period of several
oocyte and release of the oocyte into the coelomichours. Application of these concepts is considered
cavity (fig. 2). Once ovulation is completed, theimportant to hatchery success because the impact
eggs are free in the coelomic cavity. Possibly the in-of artificial induction on these and other associ-
timate connection between the follicular layer andated physiologic processes affects how and when
the egg envelope is now removed by proteolytic en-the ova should be removed from the fish.
zymes produced by granulosa cells. During the actIn nature all these processes are regulated by
of spawning (oviposition) they are passed throughthe endocrine system and synchronized by the
the sturgeon’s oviduct by the muscular contractionspawning behavior of both sexes. In the hatchery,
of the abdomen (see Appendix 4 for description ofovulation is induced by the administration of ex-
oviduct structure). Ovulated sturgeon eggs are inogenous gonadotropins or gonadotropin-releasing
metaphase of the second meiotic division. Thehormones, while the female is kept separate from
meiotic process is arrested and the expulsion ofthe male to prevent spontaneous spawning and
the second polar body does not occur until theproblems associated with adhesion of fertilized
eggs leave the female and are fertilized, eggs. Thus, ovulation may occur in a more com-

The processes of oocyte maturation and ovula-pressed period of time, and oviposition will be
tion are, in essence, preprogrammed. Once trig-greatly reduced or may not occur at all. It is det-
gered by the gonadotropin and maturation induc-rimental for eggs to remain in the coelomic cavity
ing steroid, the process runs to completion with nofor extended periods because, once ovulated, the
other external hormone input (hormone-indepen-ova are deprived of blood and oxygen supplies. If
dent phase). Individual follicles that are surgicallythey remain in this condition too long, they will
removed from the ovary after entering thebecome overripe and thus unsuitable for fertiliza-
hormone-independent phase and placed in a suit-tion. This condition is thought to be reached
able hormone-free, artificial environment, proceedwithin 2 to 3 hours postovulation, depending on
to full development. The follicles mature, ovulate,the size of the female. In addition, during this
and produce viable fry when fertilized. In addi-same time period many of the oocytes are still in
tion, the process of ovulation in sturgeon that havea preovulatory state. The oocytes will proceed
undergone spawning induction is apparently notthrough ovulation but in some cases not for many

hours.

Follicular
Theca Envelope

Fig. 2. Diagrams of the sturgeon oocyte in cross-section showing (a) the preovulatory oocyte
with follicular envelope and (b) the disassociation of the follicular envelope and the release
of the oocyte into the coelomic cavity.
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Recognition of the oocytes’ ability to ovulate average of seven. In general, each mycropyle is
during the hormone-independent phase and thatfunnel shaped, tapering to a diameter of 1.5 ~m, or
ovulation is nonsynchronous is considered criticalabout the diameter of a single sturgeon sperm (fig.
to the process of artificial propagation. Although 5b). These micropyles extend through the outer
the inertia of the hormone-independent phase hasfour layers and provide the sperm direct access to
begun and will eventually lead to ovulation of allthe egg’s oolemma.
oocytes, the process is not synchronous for the
total spawn. To avoid having the early-ovulate A
oocy ~s beco i

opti~ .el time, t3-~-~
[2 OMin 30Min

oocytes become overripe as a result of staggered |
ovulation and suppression of oviposition, hatchery
personnel must manually remove the eggs at the
optimal time. At this point, the process is more art I

To obtain the best possible fertilization suc- L1

personnel judge that approximately half of the ova
have ovulated and the remaining half are in the ~’~-~.’;".~::~"’"-~~:""~’~’:"~.*~;~:~,~_~;~’~
ovary receiving oxygen, but in the inertia phase of ~.,’~,%:.~,.,~ ".,development. The ovulated ova in the coelomic
cavity are removed, then the preovulatory oocytes
are gently scraped from the ovary. Because of the
intertia of development, these ova will undergo
ovulation in the fertilization bowls before the milt
is added during the fertilization process. By this
technique, fertilization success is improved, as ova
are taken from both portions of the developing
spawn, and at the proper time

Mature Gametes and Fertilization

The mature ovum of white sturgeon is heavilyFig. 3. Schematic representation of white sturgeon egg before
pigmented and approximately 3.7 to 4.0 mm in(0 rain.) and after (30 rain.) freshwater exposure, showing the
diameter. Researchers in the United States four layers of the egg envelope: J (jelly layer), L3(layer contain-

ing ducts, or micropyles), L2 (layer containing bioscrews thatdescribe the white sturgeon egg envelope, oranchor L3), and L1 (layer immediately surrounding the oolem-
chorion, as a 50.0-/~m thick structure that consistsme). A, animal pole; V, vegetal pole. (Chert et el., 1985.
of four distinct layers (fig. 3). The outermost layer, Reprinted with permission of Dr. W. dunk Publishers.)
J, is called the jelly layer. It surrounds the egg and
extends into the ducts of the next layer, L3, which
is anchored to the layer beneath, L2, by unusual
acellular helical structures originating from L2,
which are referred to as bioscrews (fig. 4). The in-
nermost layer, L1, immediately surrounds the egg
plasma membrane, or oolemma. Both L2 and L1
are composed of fibrils with filamentous substruc-
tural elements; they are comparable to the chor-
ions of other fish eggs due to their structure and
tough protective properties.

Russian literature describes sturgeon eggs as
having three distinct layers, L1 zone radiate inter-
nal; L2 zone radiata external; L3 gelatinous; and L4
the adhesive coat that is not secreted until the egg
undergoes water activation. They do not consider
L4 to be part of the egg envelope.

Acipenserid eggs also differ from other fish
eggs in that they possess numerous micropylesFig. 4. Scanning electron micrograph of white sturgeonlocated within a 200-urn area at the animal pole demonstrating the bioscrews (arrows) of 1_2 that anchor L3 eggand
(fig. 5a). The number of micropyles per egg inthe jelly to the egg. 2500X. (Cherr et al., 1985. Reprinted with
white sturgeon ranges from 3 to 15, with anpermission of Dr. W. dunk Publishers.)
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of the river bottom. In broadcast spawning the
sperm concentration is lower in the surrounding
medium than for fish that spawn in nests. The
presence of numerous micropyles in the eggs may
aid successful fertilization at these low concentra-
tions of sperm.

Another hypothesis for the presence of nu-
merous micropyles is to provide a location for the
sturgeon sperm acrosome reaction to occur out of
the external water medium, which might dilute the
soluble inducer of the reaction. The presence of
numerous micropyles does not appear to increase
the chances of polyspermy, although numerous
sperm may be seen in the micropyle area (fig. 7).

When applying this information to hatchery
Fig. 5. Scanning electron micrographs of white sturgeon egg. operations, note that timing is critical in the fer-
(a) Egg surface with jelly removed, showing micropyles at the tilization of sturgeon eggs. All protocols and
animal poles. 500X. (b) Fracture through a micropyie down to equipment necessary to complete the steps leading
L1, showing micropyle extension to the oolemma. 1800X.
(Cherr et ai., 1985. Reprinted with permission of Dr. W. Junk to incubation of the eggs must be understood and
Publishers.) prepared in advance. Just as important changes in

the sperm are initiated by water contact, the eggs
The adhesive jelly ]ayer in sturgeon eggs re-also undergo water-induced changes that are fairly

mains throughout early development. In naturalrapid and irreversible. The hydration of the egg’s
spawning the adhesiveness of the jelly is impor-
tant for anchoring the egg to the substrate in mov-
ing water. Adhesivity is strongest at the vegetal
pole and may serve to attach the egg to the sub- F N Astrate at that pole. Such an attachment would
orient the micropyles upward before fertilization.
When sturgeon eggs are immersed in freshwater
(river water, distilled water, or freshwater with a
defined composition), the jelly layer is released
from the surface and the ducts of L3. The jelly Fig. 6. Schematic diagram of white sturgeon spermatozoa. A,
hydrates within five minutes and becomesacrosome; N, nucleus; MP, midpiece; F, flagellum. (Cherr et el.,

adhesive. This adhesiveness is independent of
1985. Reprinted with permission of Dr. W. Junk Publishers.)

fertilization.
The bioscrews originating from L2 may func-

tion as an anchoring mechanism for the adhesive
jelly layer. They retain their association with L3
following fertilization, cleavage, and early develop-
ment and help anchor the jelly layer, sincemay
this layer resides external to L3.

Sturgeon sperm has been examined and
described. Sturgeon sperm differ from salmonid
sperm in a number of ways, including morphology
(fig. 6) and longer duration of motility in
freshwater. A major morphologic difference is the
presence of acrosomes in the sturgeon sperm.
Unlike trout sperm, white sturgeon sperm are not
motile in the coelomic fluid of the female. When
diluted in water, the sperm immediately become
active or motile. The percentage of motile sperm
decreases within three minutes, and by five Fig. 7. Scanning electron micrograph of a white sturgeon egg
minutes postdilution most sturgeon sperm ceaseone minute after insemination with white sturgeon sperm (10~
all directed motility, sperm/egg). (a) Surface scan with jelly layer removed, showing

micropyles and numerous sperm. 500X. (b) Higher magnifica-Sturgeon are broadcast spawners, and in tion of a single micropyle with numerous sperm. 2500X.
nature the eggs are spawned into fast-moving Cherr et el., 1985. Reprinted with permission of Dr. W. Junk
water where they are dispersed over a large areaPublishers.
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jelly layer and the resultant stickiness of the eggsplished after sperm, egg, and water are in simul-
is a useful adaptation in nature, but if not con-taneous contact. In the hatchery, however, these
trolled in the hatchery, this reaction will result inevents must be separated. Once the sperm is
loss of the spawn. The eggs will stick to virtually water-activated, fertilization must occur before the
any surface, whether wet or dry, and even to eachsperm depletes its energy reserves. For sturgeon
other. If the stickiness is not countered before thesperm the period of activation after contact with
eggs are placed in the incubators, they will form awater is about two to five minutes. If the sperm is
mass that will quickly suffocate or die from fungal collected in its seminal fluid (dry state) without
disease, contact with water, the individual sperm remain

Sturgeon sperm must be collected with noquiescent and may be stored for future use (for
water contact. In nature, fertilization is accom- milt storage procedure, see Section VIII).

14

C--047239
C-047239



SECTION III
Embryology and Larval Development

I Overview of neurulation are also critical developmental
Sturgeon embryology, including cleavage, gastru-events.

lation, and early embryogenesis, is similar to that

i of anuran amphibian eggs. Most knowledge ofTABLE 2. Rate of embryonic development for white
sturgeon embryology is based on studies of two and lake sturgeon at 15°C incubation

temperature*Russian sturgeon, the sevruga and beluga stur-
geon, and the white, lake, and Atlantic sturgeonspecies H0urs/Devel0pmental Eventst

I of North America. The sturgeon embryology de-
scribed below is based on the work of Beer (1981) CLVG GSTR NEUR S-HRT START HATCH

and Wang (1984). Beer worked with the white White 6-9 28.63 65.0 89.5 155.9
Lake ----~L 37.0 77.7 118.0 208.0

sturgeon and Wang with both the white and lake

I sturgeon. Wang observed that white and lake END HATCH PY-SPH Y-DPL
sturgeon have identical cleavage patterns and thatWhite 193.1 370.8 546.0
morphologic differences first become apparent atLake 250.7 250.0 ----~t

i the larval stages. These studies were fairly com-* Modified from Wang (1984).
prehensive, and the embryology outlined is similart CLVG = First Cleavage START HATCH = Hatching Begins

, GSTR = Gastrulation END HATCH = Hatching Ends
to that described for other North American NEUR = Neurulation PY-SPH = PyloricSphincter
species of sturgeon. References to embryologicS-HRT = S-Heart Stage Y-DPL = Yolk Depletion

I studies of other sturgeon species are found with$ Data Unavailable.

the references cited for this section.
The rate of embryonic and larval development Sturgeon Embryology

of sturgeon is influenced by temperature. Higher White Sturgeon, A. transmontanus

I incubation temperatures reduce the time requiredUnfertilized Eggfor development, but each species has slightly dif-
ferent tolerances and an optimal temperatureThe unfertilized egg is ovoid, with a long-to-short

i range that results in higher survival. The optimalaxis dimension of approximately 3.6 mm × 3.3
temperature range reported for white, lake, andmm. Most eggs are slate gray, except for the ani-
Atlantic sturgeon is 14° to 17°C. mal pole, which is usually white. Color variations

The developmental sequence presented belowdo exist; some eggs are entirely gray, and others
is based on observations at variable water tern-have white splotches over portions of the animal
peratures. Beer’s posthatching data were takenpole, usually a sign of overripeness. Variations are
from fish initially raised at 20°C with tempera- believed to be caused by differences in maturitytures adjusted downward as hatchery water condi-and condition, but there is not enough informationI tions mandated (range 16° to 20°C). Although the
time frames of the developmental events describedat this time to use color as an indicator of health.
will differ from those of fish raised at different Fertilized Egg

i temperatures, the sequence of events will be theFertilization brings about an obvious change in
same. Wang had access to water maintained at apigmentation. The animal pole is light except for
more stable temperature and presents a time a dark spot at the apex. The vegetal pole remains
frame for developmental events that occurred in adarkly pigmented. The egg membranes have

I water temperature of 15°C (table 2). The descrip- swollen and become adhesive, and expansion of
tions given for the embryologic and larval stagesthe jelly coat has increased the egg diameter (ap-
are useful for hatchery work and for comparison, proximate long axis, 4.0 mm; short axis, 3.8 mm).
should abnormal development occur.

I The most critical period of development is Early Cleavage
during the initial cleavage stages, within 6 to 10The first cleavage bisects the animal pole, forming
hours postfertilization. Cleavage lines should betwo blastomeres of equal area. The vegetal pole
regular and symmetrical, with micromeres ap-proper remains darkly pigmented, with a light ring
peering in the animal hemisphere followed by(or crescent) around the upper portion of theegg.
macromeres appearing in the yolky vegetal hem-The second cleavage furrow forms before the first
isphere. The end of gastrulation and the beginningis completed, is perpendicular to the first, and
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divides the animal hemisphere into four roughly
equal blastomeres. By the third cleavage the
polarization of cells (micromeres and macromeres)
into distinct animal-vegetal poles is apparent.
Cleavage continues, producing a caplike configura-
tion with numerous blastomeres in the animal
hemisphere. Cleavage furrows radiate laterally
down the vegetal pole, dividing it into several large
macromeres. The animal hemisphere is lightly
pigmented, whereas the vegetal hemisphere shows
dark pigmentation (figs. 8, 9, and 10).

Late Cleavage
Cell division continues, dividing the animal
hemisphere into many small but distinguishable
micromeres of varied pigmentation, which creates
a pebbled appearance. An intermediate zone of
moderate-sized blastomeres separates the animal
and vegetal hemispheres. The vegetal hemisphere
at late cleavage is divided into many macromeres
(fig. 11).

Blastula
In the blastula individual blastomeres in portions
of the animal hemisphere are no longer
distinguishable. The surface appears grainy due
to gradations in pigmentation and the unevenFig. 8. White sturgeon embryo, early cleavage, four bias-
surface relief. From the edges of the animaltomeres. (Beer 1981)
hemisphere to the apex of the vegetal pole is a
gradation from micromeres to macromeres. As
development continues, the surface of the animal
hemisphere becomes smooth in appearance. A
sharp delineation develops between the light-
colored animal area and the dark-pigmented,
fissured vegetal area. As gastrulation approaches,
the rudiment of the future dorsal lip appears at the
equator as a narrow, pigmented line. During these
events the first embryonic cavity, the blastocoel,
forms between the animal and vegetal cell regions
(fig. 12).

Early Gastrulation
As gastrulation begins, the pigmented line
develops into a furrow. Involution begins as the
furrow elongates and later surrounds the embryo.
At the same time, epibolic growth of the animal
pole has extended to the equatorial area, and con-
tinued cell division in the vegetal area has reduced
the size of the macromeres. Involution of cells
results in the formation of a second embryonic
cavity, the gastrocoel. The blastocoel will become
reduced in size and will eventually disappear (figs.
13 and 14).

Yolk Plug Formation
At this point the furrow forms a ring around the
embryo. Epibolic growth of the cells in the animal Fig. 9. White sturgeon embroyo, early cleavage, eight blasto-
area continues, and cell migration over the vegetalmeres. (Beer 1981)
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Fig. 10. White sturgeon embryo, advanced cleavage, with
numerous micromeres in animal hemisphere and larger
macromeres in the vegetal hemisphere. (Beer 1981)

Fig. 12. White sturgeon embryo, showing the future dorsal lip
as a narrow pigmented line. (Beer 1981)

Fig. 13. White sturgeon embryo, early gastrulation, showing
Fig. 11. White sturgeon embryos, various stages of late involution of cells that will result in the formation of the
cleavage. (Beer 1981) gastrocoele. (Beer 1981)

C--047242
C-047242



hemisphere, in the form of a ring, represents the
lip of the blastopore. As epiboly continues, the ad-
vancing lip of the blastopore (ring) gradually con-
verges, thereby reducing the size of the ring and
the area of the exposed yolk plug. The yolk plug
appears dark against the lighter animal region.

As gastrulation proceeds, the center of gravity
shifts and rotates the mass 90°. This rotation
orients the developing embryo dorsal side up and
positions the small yolk plug on the side. The yolk
plug shrinks further and becomes elongated as the
sides rapidly converge. The first indications of the
forming embryo are a thin stria radiating out from
the dorsal side of the yolk plug that indicates the
embryonic axis and the fine lines of pigmentation
that faintly outline the developing embryo (figs. 15
and 16).

Fig. 15. White sturgeon embryo, yolk plug formation. (Beer
1981)

Fig. 14. White sturgeon embryology. (Wang 1984)

CLVG -- Early cleavage GSTR    = Gastrulation
NEUR = Neurulation S-HRT = Formation of the heart
HATCH = Recently hatched sturgeon
PY-SPH = Formation of the pyloric sphincter Fig. 16. White sturgeon embryo, late yolk plug stage, with in-
yoDPL = Stage of yolk depletion dication of the embryonic axis. (Beer 1981)
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Neurulation
Neurulation begins when the lateral lips of the
blastopore converge and, simultaneously, the yolk
plug disappears in a depression. The neural
groove begins as a raised, pigmented plate extend-
ing from the blastopore 120° around the mass.
During early neurulation the neural groove is
broad at its anterior end, forming the cephalic por-
tion of the embryo. As development continues, the
cephalic portion forms a diamond-shaped depres-
sion, and the embryonic trunk develops around
and along the furrow (figs. 14 and 17).

In relief, the trunk and tail rise and become
more pronounced. The margins of the furrow
begin to extend, fold over, and form a neural tube.
Closure of the neurenteric canal, which marks the
onset of neural tube formation, occurs first in the
midregions, then in the caudal and cephalic re-
gions. As development continues, the cephalic
region elongates and forms the three vesicles of
the primordial brain. Lateral somites can be seen
along the trunk. The general shape of the embryo
is wide at the caudal region, tapered at midtrunk,
and wide at the foretrunk, indicating the rudi-
ments of the pronephros. The embryo now extends
160° around the yolk sac (figs. 18 and19).
Elongation of the Pronephros Fig. 17. White sturgeon embryo, early neurulatlon showing the

neural groove. (Beer 1981)
As the trunk of the embryo narrows, the proneph-
ros expands from the trunk and extends forward in
a wing-shaped manner. The anterior cephalic
region becomes regionalized and rudimentary eyes
are visible. Somites are obvious along the length
of the trunk, and the tip of the caudal region is
undercut. At this stage the embryo protrudes well
above the yolk sac surface and encircles the yolk
sac 200° to 300° (fig. 20).

Heart Formation
The heart first appears as a straight tube below the
head region of the embryo. The heart tube grad-
ually flexes until it becomes "S" shaped. At this
stage each eye appears faintly below the skin
epithelium as a light ring surrounding a darkly
pigmented center. Olfactory pits and auditory
vesicles are apparent. The tail is considerably
undercut, is dorsoventrally flattened, and has a
continuous fin fold. The embryo encircles the yolk
320° to 350° (fig. 14).

Prehatch
Just before hatch, the tip of the tail extends past
the head and twists 90° so that the dorsoventrally
flattened side lies flush to the egg surface. The in-
testine appears as a pigmented tube that extends
from the posterior edge of the yolk sac to the clo-
aca, where there is a break in the otherwise con-Fig. 18. White sturgeon embryo, neural tube formation. (Beer
tinuous fin fold. The fin folds have enlarged and1981)
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extend dorsally from the trunk near the proneph-
ros, around the tail, and ventrally to the edge of the
yolk sac. The nares, lightly pigmented eyes, and
auditory vesicles are visible. Just before hatch a
reddish, cloudy substance forms between the in-
ner membrane and the embryo (figs. 21 and 22).

Mass Hatching
Hatching occurs as the larvae break free of the egg
membranes, usually tail first. When free of the
membranes, the body trunk extends straight and
the tip of the tail is slightly raised. Fifty-five to 60
somites are apparent along the trunk from behind
the head to the caudal peduncle. The yolk is ovoid
and granular. The heart can be seen pumping red
blood cells through the paired Cuviers ducts to a
circulatory network on the ventral surface of the
yolk. Nare pits are evident, and each eye can be
distinguished by a small, distinct pigment spot
(figs. 23 and 24).

Larval Development at a Variable
Temperature Range of 16° to 20°C

(Beer 1981)

One Day Posthatch
The pectoral fin bud and the spiral shape of the

Fig. 19. White sturgeon embryos, various stages of neurula-darkly pigmented intestine are apparent. The fin
tion showing body definition. (Beer 1981) folds are wider, especially in the caudal region.

Rudimentary opercula and eyes are apparent.

Two Days Posthatch
The fin fold that protrudes from the posterior, ven-
tral surface of the yolk forms a well-defined keel,
and the site of the future dorsal fin is pigmented.
The operculum flares out from the head, the
mouth is open, and four barbel buds are apparent.
The midgut is visible as a yellow structure at the
ventral, posterior portion of the yolk, and the
white liver is seen posterior to the heart. The
Cuviers duct runs dorsoventrally from the heart to
the anterior, dorsal surface of the yolk, where it
extends prominently. Larvae swim vigorously in a
vertical position, often sinking to the tank bottom
and then ascending rapidly to the surface. Larvae
react to changes in illumination but do not show a
prolonged photophobic reaction. Larvae measure
about 13.0 to 14.0 mm long (figs. 14 and 25).

Three Days Posthatch
The notochord can seen slanting up at the tip,be
the open mouth reveals mouth parts, and the eyes
are well defined. Gill filaments with circulating
blood can be seen on the branchial arches behind

Fig. 20. White sturgeon embryo, elongation of the pronephros the transparent opercula. The circulatory network
and protrusion of the embryonic body above the yolk sac sur- on the yolk sac and midgut is well developed. The
face. (Beer 1981) yellow midgut and white liver are readily visible,
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Fig. 23. White sturgeon hatching from the egg tail first. (Beer
1981)

I
I Fig. 21. White sturgeon embryos just before hatch, showing

differentiated embryos enclosed in egg membranes. (Beer
1981)

I
I
I

Fig. 24. Newly emerged white sturgeon. (Beer 1981)

I
I
I
I
I Fig. 22. White sturgeon embryo just before hatch, showing the

tail extending past the head and lying against the yolk sur-
face. (Beer 1981) Fig. 25. White sturgeon, 2 days posthatch. (Beer 1981)

I
I

o
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and a melanin plug is evident in the posterior por-Differentiation of the Pyloric Sphincter
tion of the intestine. Melanophores are scattered(Wang 1984)
throughout the body, but are concentrated fromThe sturgeon larval yolk sac is composed of yolk
the region of the future dorsal fin to the caudalendoderm and later forms the gastrointestinal
peduncle and on the head and snout. The lateraltract. The posterior, intestinal portion of the yolk
line extends from behind the head along part of thesac is depleted first. As the intestinal region
trunk. Larvae measure about 14.5 mm long. shrinks, the color changes from grayish to white,

and yellow oil droplets become visible. A narrow

Four Days Posthatch connection between the gastric and intestinal re-
gions appears, and a primordial pyloric sphincter
clearly divides the gut into two regions. AtPigmentationincreasesoverallbut most particu- the for-

larly along the trunk, posterior to the dorsal fin,mation of the sphincter, the intestine is void of the
and on the head. The tip of the tail is not pig-grayish yolk material, but a yellow oil droplet is
mented. The barbels, eyes, mouth, and pectoralapparent.
fins are clearly evident. The fin fold narrows at the At this point, the major portion of the yolk sac
caudal penuncle and protrudes slightly at theremains in the future stomach region. The yolk
future dorsal, anal, and caudal fins. The fin foldmaterial gradually disappears and can no longer
is wider on the ventral side of the notochord, sug-be seen by external observation. External feeding
gesting its heterocercal structure. Pelvic buds arenormally begins at this stage (fig. 14).
evident anterior to the anal slit in the fin fold, and
the lateral line extends the length of the trunk.
Gill filaments extend beyond the operculum. Lar- 10 Days Posthatch
vae now show an obvious photophobic reaction,The yolk sac protrudes from the body only slightly.clustering together in the darkest, shaded portionsAnal fin rays are evident, and the fin fold is disconoof the tank when illuminated. As light intensity tinuous at the caudal peduncle. The dorsal anddecreases, the larvae swim horizontally back uppelvic fin rays extend into the fin fold. The barbelsinto the water column. The larvae are about 16.0
mm long. are longer, and sensory glands appear on the skin

surface on the ventral side of the rostrum. The
head, and especially the rostrum, has elongated

Five Days Posthatch and has many horny processes apparent on its sur-

The pelvic fins are prominent, and the fin fold hasface. The gill filaments still extend past the oper-
culum. External feeding has begun. Larvae stillnarrowed, except at the sites of the dorsal, anal,

and caudal fins. The barbels, gills, and pectoralshow a photophobic reaction to strong light, but

fins have all elongated. Pigmentation is darker onthey no longer cluster together when the tank is il-
the head, rostrum, and post-dorsal fin portion ofluminated. Larvae orient to the tank’s surface and

the trunk. The lens of the eye is now transparenttend to avoid the open water column. The larvae

and is surrounded by the darkly pigmented opticmeasure about 23.0 mm long (fig. 26).

cup. The nares appear as ovoid pits, each with two
external openings. The spiral valve intestine is13 Days Posthatchclearly evident because of its darkly pigmented
melanin plug. Yellow fluid is seen accumulatingThe entire body is darkly pigmented and the yolk
within the midgut, has been absorbed. Rays extend into the anal fin,

and pigmentation indicates where future rays will
appear along the dorsal fin fold. The pectoral fin

Seven Days Posthatch has migrated to the ventral region of the trunk.
The larvae are very dark. The pectoral fin rays are Numerous processes are on the top of the head. A
visible at the fin base and extend into the fin foldfaint row of projections, the primordial scutes, are

at the site of the future dorsal fin. The ventral sur- seen parallel and dorsal to the lateral lines along
face of the darkly pigmented yolk is covered by the the trunk (fig. 14).
enlarging gut, which is easily distinguished by its
sharp relief and the yellowish fluid it contains.
The circulatory network on the yolk has decreased 18 Days Posthatch
in size and intensity. The gill filaments still extendOn the ventral side the fin folds are greatly re-
beyond the operculum, and the barbels and mouthduced. Ten rays project into the dorsal fin fold,
have enlarged. Primordial teeth are evident on thewhich is continuous with the dorsal fin. The gills
inner jaws. The larvae measure about 17.0 mmare covered by the operculum. The larvae measure
long. about 25.0 to 26.0 mm long (fig. 27).
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Fig. 26. White sturgeon, 10 days posthatch. (Beer 1981) Fig. 27. White sturgeon, 18 days posthatch. (Beer 1981)

20 Days Posthatch
Lateral scutes are forming in a row dorsal to the
lateral line. The head is now elongated and more
streamlined, although many processes are still
seen on the dorsal surface. Several rows of sen-
sory pits are evident on the dorsal side of the
snout. The larvae measure about 25.0 mm long.
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SECTION IV
Broodstock Capture

Overview hatchery. For white sturgeon, only about 20 per-

Programs to establish captive broodstock of Northcent of the total adult stock in the fattening area

American sturgeon have begun only in recentwill be reproductively active because the interval

years, with emphasis on white sturgeon. The old-between consecutive spawns in females is longer

est F1 generation of hatchery-produced femalethan one year. If the collection area is vast or

sturgeon in North America are white sturgeon located a significant distance from shore, three or

broodstock that are 8 years of age at this writing,more boats, preferably with radio communication,

Viable sperm from 3 and 4 year-old FI males has may be required. Small boats about 5.0 meters

used fertilize from wild- long are used for capture. The fish can be loaded
beencaught females,SUCCessfullYand fingerlingst° haveeggs been pro-onto the boat using a soft rope looped around its

tail in combination with a hand net positioned overduced from these eggs. Females of the same yearthe head and the anterior one-third of the body. Atclass are being monitored for ovarian development.
Until captive broodstock are available, brood- the collection site, the sturgeon is placed in a small

stock are being obtained from wild stocks. Theholding tank containing aerated water and trans-

method of capture depends on each species’ lifeported to a larger processing boat for sex deter-
mination and gonad evaluation. The processinghabits, on local and national regulations, and on

management policy. The fish may be taken fromboat should have a large deck space capable of ac-
commodating a holding tank for several sturgeonnonspawning, fattening areas prior to the repro-awaiting processing and a work area large enoughductive migration, during migration, or directly

from the spawning grounds after migration, for at least two personnel, two stretcher stands,
Broodstock are often selected from nonspawn- and a stretcher (figs. 28, 29, and 30) to hold the fish

ing areas to study the maturation process or toin place during processing.

avoid disturbing animals that have migrated to the
spawning grounds. This site selection also allows
hatchery personnel to schedule hatchery activities
in advance and to manipulate the spawning time of
the fish. For migratory species such as the white
sturgeon, prespawning broodstock may be taken
from estuaries in the fall or winter just prior to the
.spring spawning period. When collecting sturgeon
broodstock from nonspawning areas, large num-
bers of animals have to be captured and examined
to obtain sufficient numbers of mature animals
that will spawn within 6 months of captivity. The
animals are not fed during this period.

Broodstock may also be taken directly from
the spawning areas during the spawning migration
when both eggs and sperm are ripe. Migration of
reproductively active sturgeon usually occurs in
the spring, with variations in time frame depend-
ing on the species and latitude. The methods used
to capture sturgeon in spawning and nonspawning
areas vary with local conditions and available
resources.

Fish from Nonspawning Areas
Hatchery management of broodstock captured in
salt water prior to their spawning migration re-
quires facilities to maintain the animals during ac-
climation to fresh water before transport to the Fig. 28. Loading captured sturgeon aboard collection boat.

C--047249
C-047249



Fish from Spawning Areas
Obtaining sturgeon from freshwater spawning
areas usually involves fewer steps than from
marine areas. The difference is that a greater per-
centage of the population will be reproductively
active and possess mature gametes, and acclima-
tion to fresh water is not necessary. Once a fish is
captured, it is placed in a small holding tank on
the boat and transferred to a shore facility. At the
shore facility the fish is placed in a transport tank
and taken to the hatchery.

Methods of Broodstock Capture

North American sturgeon broodstock are captured
by a number of methods, including snagging,
fishing with baited hooks, gill nets, and even by
hand nets. Fishers select the method of capture

Fig. 29. Transfer of sturgeon between capture boat and proc- based on the species and the successful fishingessing boat. techniques of their area. This section will briefly
cover these methods to illustrate the magnitude of
effort involved in wild broodstock capture, but it is
not meant to be a comprehensive explanation of
the techniques used to fish sturgeon. Specific
techniques for fishing sturgeon and capturing
broodstock are described in the publications cited
in the section references. Before fishing for
sturgeon, check with your local state and regional
federal fish and game agency for commercial and
sports fishing regulations. State and federal
regulations protect the species, and in many loca-
tions special permission is required to obtain wild
broodstock.

Snagging
Snagging is not a legal method of harvesting
sturgeon for sport or commercial fishing in many
areas of the United States, but it is often used to
capture large fish for scientific study or to obtain

Fig. 30. White sturgeon in holding tank aboard small boat. broodstock. The fish’s skin is snagged with a hook
that is attached to a retrievable line. Equipment
used to snag sturgeon broodstock should be rated
strong enough to handle fish up to 100 kg. This in-
cludes a rod and reel fitted with a line, weighted

Upon transfer to the processing boat, theleader, and hook (figs. 31 and 32). If the fish can be
sturgeon is removed by net from the holding tankseen resting on the bottom, the hook is lowered
and moved to a stretcher positioned on the stretch-into the water, positioned next to the fish’s body,
er racks. A water tube is placed in the fish’s and set in the fish’s flesh by exerting an upward
mouth. While the fish is examined to determinethrust of the rod. In situations where the fish can-
sex and reproductive condition, the smaller boatnot be seen, the hook is cast out from the boat and
returns to the collection site. If the fish is selected retrieved slowly through the water until resistance
for broodstock, it is transferred to a larger holdingis felt, then the hook is set. Small size treble hooks
tank on the processing boat and later transferredare preferred when snagging broodstock. The
to a shore-based acclimation tank. After 2 or 3 hook is set under the large bony plates and is
days of acclimation to fresh water, selected brood-capable of securing the fish with minimal damage.
stock are transported by tank-trailer to the hatch-Large size hooks often cause deep wounds and
ery, where they are placed in freshwater tanks to should be avoided (see Appendix 5 for the tech-
continue the physiological process of maturation,nique of snagging sturgeon).
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resting on the bottom. Herring spawning areas are
often located by observing sea birds feeding on the
deposited eggs or seals feeding on the herring.
During peak spawning activities the water often
has a milky appearance and a characteristic odor
that some describe as similar to fish oil. During
these periods sturgeon feeding on herring eggs are
often seen rolling at the surface of the water. In
San Francisco Bay white sturgeon have been taken
successfully using these indicators during peak
herring spawns between November and March.

Baited Hooks
Capturing sturgeon broodstock with baited hooks
requires time and patience. It is not considered ef-
ficient in nonspawning areas because of the slow
rate of capture and the limited chance of capturing
broodfish suitable for hatchery work. This meth-

Fig. 31. Snagging sturgeon, San Pablo Bay, California. od is more successful in spawning areas, even
though the catch is significantly lower than in
prespawning areas. Virtually every white stur-
geon caught in the spawning area is ripe and a
potential spawner, therefore compensating for the

~
’,.~

number of hours of fishing effort.
The equipment used for this method is similar

to that used in snagging. The fishing gear must be
strong enough to handle large fish. To attract the
fish, a suitable bait is placed on the hook. The rod
is usually placed in a holder that is equipped with
a bell or similar warning device to alert the fishers
when the boat is moved. Although fishing may be
done from shore, most workers will fish from a

~ boat to have maximum access to the river and
room to maneuver after the fish is hooked.

Gill Net
Gill netting is an effective method of capturing
broodstock. Like snagging, it is most effective

Fig. 32. Sturgeon snagging gear showing hooks, leader, andwhen used on a concentrated population of
weights, sturgeon moving through a spawning area. This

method requires more labor than snagging and
often results in stress to the fish. A major problem

Snagging sturgeon is practical only when theis that fish can become tangled in the net. Postcap-
fish are concentrated in an area free of obstruc- ture mortalities from the use of gill nets on the
tions that can entangle the fishing gear or foul theColumbia River in the United States and in Rus-
line once the animal is hooked. It is a method usedsian waters have been substantially higher when
primarily to capture prespawning broodstockcompared to snagging. However, gill netting has
prior to the reproductive migration but has alsobeen used sucessfully in both spawning and non-
been used on the spawning ground. Capture isspawning areas to capture broodstock sturgeon.
most efficient and successful when keyed to spe- Capturing sturgeon by gill netting is a chal-
cific events that concentrate the fish in a defined lenge because variable river currents and bottom
area. For example, white sturgeon are obtained byconditions, such as snags and rocks, can damage
this method during herring (Clupea harengus) the fishing gear. In the marine environment nets
spawns while the sturgeon are feeding on herringmay be damaged by boats, and by sharks, rays, and
eggs deposited on submerged vegetation and otherother large fish. In rivers the gill net is usually set
substrates. Sturgeon begin feeding on the herringfrom a small to moderate-sized boat 4.0 to 6.0
eggs almost immediately after the eggs are depos-meters long that is suitable for the conditions en-
ited. Between feeding periods the fish can be seencountered. The boat should have adequate deck
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for the net and fish. The because females will be ovulation, andhandlingspace captured some near
net should be long enough to span the river chan-the eggs are easily damaged and the fish stressed.
nel used by the sturgeon, made of 25.4 to 35.6 cmWhen transferring the fish from net to boat or
stretched mesh, and equipped with appropriatefrom boat to tank, care should be taken to main-
floats, flags, and lights for night operations. Thetain the fish in a horizontal position with as little
amount of weight used should be geared to thepressure as possible to the abdominal region.
strength of the river current. Gill nets of 33.0 to
40.6 cm stretch mesh are also used in the marineHandnetting
environment. Methods include anchoring one endCapture of lake sturgeon broodstock with a hand
on the beach with the other end free and driftingnet has been done successfully and efficiently in
the net through a sturgeon migration area. some spawning areas. Lake sturgeon in the Wolf

The gill net should be checked about every 2 toRiver in Wisconsin congregate and spawn in small,
4 hours because female sturgeon left entangled inclear-water areas at the base of dams and are
the net for longer periods are often stressed orreadily accessible for capture in shallow areas
killed. In some areas that are accessible only atnear shore. An individual equipped with a rein-
high tide, it may only be feasible to check the netsforced pole net captures the fish by placing the
once a day. Any time the floats show signs of ac-mouth of the net over the head end of the fish and
tivity, the net should be checked immediately,sweeping it down over the body. The fish can then
Captured fish should be transferred immediatelybe examined near the shore or transferred to a
to an appropriate holding or transport tank. Ex-transport tank (fig. 33).
treme care should be taken with captured animals

! Fig. 33. Handnetting lake sturgeon broodstock. (Photo courtesy of the Wisconsin Department of
Natural Resources)

!
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SECTION V
Broodstock Handling, Transport, and Holding

Overview
Sturgeon broodstock are often large animals that
require special equipment for handling and main-
tenance. When possible, broodfish weighing more
than 70.0 kg should be avoided. These fish are
easily injured when removed from water, require
mechanical lifting equipment and, if not handled
properly, can easily injure hatchery personnel.
Atlantic sturgeon broodfish often exceed this
weight limit and should be handled with mechan-
ical support systems, using care to prevent injury
to the fish or hatchery personnel (fig. 34). Equip-
ment for moderate-sized fish is designed to enable
hatchery personnel to move and manipulate the
sturgeon without causing injury to the fish or
personnel. Fig. 34. Power sling and weight scale used for large Atlantic

sturgeon broodstock. (Photo courtesy of the South CarolinaDifferent tank equipment and techniques are Department of Natural Resources and the U.S. Fish & Wildlife
also required to prepare sturgeon broodstock forService)
spawning. Tank systems for holding broodstock
are of a flexible design that allows the equipment
to be used for specific objectives and for other TABLE 3. Suggested water-quality criteria for a
uses as requirements in the hatchery expand. The sturgeon hatchery*
applications depend on whether the fish were cap-Chemical Upper Umits for Continuous Exposure
tured prior to the spawning migration or in a
preovulatory condition in the spawning area. TheAmmonia (NH~) 0.0125 m0/L (un-lonlzed form)

Cadmium 0.004 molL (soft water 100 ppm alkalinity)
tank systems must be capable of maintaining ripeCadmium 0.003 molL (hard water 100 ppm alkalinity)
animals in peak condition before spawning and ofCopper 0.006 molL tn soft water

Hydrogen sulfide 0.002 molLproviding a suitable environment to promote mat-Lead 0.03 molL
uration of potential reproductive stock. Nitrogen Maximum total gas pressure 110% of

saturationWater criteria for sturgeon hatcheries have
Nitrite (NO’;’) 0.1 molL in soft water, 0.2 molL in hard waternot been defined for North American species. The (0.03 and 0.06 molL nitrite nitrogen)

success of present day hatcheries has resultedOzone 0.005 molL
from selecting sites where the water has been usedTotal suspended &

settleable solids 80 molL or lesssuccessfully in hatcheries for other species of fish,zinc 0.03 molL
or where the water parameters are comparable to
criteria established for other species. The chemi-Chemical Criteria

cal and physical criteria established for salmonidsOxygen 5.0 molL to saturation
Carbon dioxide 0.0-10.0 molLis a good base from which to start and may be usedpH 6.5-8.0

until criteria for sturgeon have been defined.Total hardness
Some of the suggested parameters are defined in(as caco,) 10-400
table 3. * Based on a modification of criteria identified for salmonids by

Wedemeyer (1977).

Sturgeon Support Equipment:
Individual These techniques represent a good starting point

in developing techniques that best fit the in-
The methods described here for handling sturgeondividual hatchery operation and the needs of the
broodstock have been used successfully in stur-sturgeon species.
geon hatcheries. Hatcheries will continue to mod- The support equipment is used to handle in-
ify techniques and equipment and will developdividual sturgeon and move large fish safely and
methods designed to minimize stress to the animalefficiently. It is also designed to maintain the
and increase the efficiency of hatchery personnel,animal during surgical examinations and gamete

C--047253
C-047253



removal. Whenever sturgeon are removed from a
tank, transported, or otherwise handled at the
hatchery they are subjected to stress that can lead
to disease. To reduce stress-related bacterial and
fungal infections, the sturgeon are given a prophy-
lactic salt treatment when they are returned to the
holding facility, and regularly during the holding
period (see Appendix 6 for technique).

Tube Net
A tube net is 2.4 meters long and composed of
small-mesh net, with each end held open by a hoop
frame attached to pole handles (fig. 35). The two
handles also provide leverage at both ends of the
net when moving the fish, which is also supported
by lifting the center section of the net. Tube nets
can be used at the capture site to move fish into or Fig. 35. Tube net used to capture and restrain medium-sized
out of the boat and at the hatchery to move fishsturgeon broodstock.
between tanks and onto the stretchers.

Stretcher
A stretcher is used to transport larger species of
sturgeon short distances around the work area
and to hold the fish during examination and pro-
cessing. The sturgeon’s axial skeleton is cartilag-
inous, and the stretcher distributes the weight
evenly preventing injury to the internal organs
when the fish is moved or supported. A stretcher
is also recommended for use with smaller stur-
geon, as they can be quite active under examina-
tion and difficult to restrain without injury to the
fish. Sturgeon moved by hand or in a net are often
subjected to excessive hand pressure, easily
dropped, or even torqued while in a net. Any of
these actions are detrimental to broodfish. During
examination of the fish the stretcher is supportedFig. 36. Transferring sturgeon broodstock from a tube net to a
by notched racks or saw horses (figs. 36 and 37). stretcher.

The stretcher for moderate-size fish (35-45 kg)
consists of smooth, nonabrasive, fiber-reinforced
nylon sheeting attached to two 2.4-meter poles; it is
capable of supporting at least 114.0 kg. The width
of the stretcher is such that during transport the
poles may be brought together to further restrain
the animal. The stretcher has a hood at one end
that covers the fish’s head and serves as a respira-
tion chamber when flooded with water. During
transport the sturgeon is positioned in the stretch-
er dosal side up. During processing the sturgeon
is positioned ventral side up with its head placed
in the hooded canopy. This canopy further
restrains the animal and positions the mouth to
receive a watertube (fig. 38). A sturgeon may be
transported or held in the stretcher for periods of
up to I0 minutes without watertube backup as
long as the temperature is moderate and the fish is
kept moist. Preferably, sturgeon are held withoutFig. 37. Transporting sturgeon broodstock to a work area by
the watertube for no more than 3 minutes, stretcher.
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i:ertube

~e watertube is a 2.5 cm diameter tygon tube con-

ioed to a source of non- or d,echlorinated water.
positioned in the sturgeons mouth to provide
w of oxygenated water over the gills and out

e gill apertures. The stretcher poles are placed

l upports that provide a slight downward incline
ring the water to flood the canopy containing

e head of the fish. The system is used to main-

~hthe fish during long periods of examination
processing (figs. 39 and 40). The flow rate
Id be adjusted to flood the gill cavity and pro-

de a reasonable water exchange. Excessive water

i does not provide a good oxygen exchange and
stress the fish.

Fig. 39. Close view of watertube and stretcher hood in use.

38. Sturgeon stretcher positioned on a notched sawhorse.

!
Fig. 40. Close view of watertube extending through
the stretcher hood and into the sturgeon’s mouth.

!
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Sturgeon Tanks and Applications ~ .... ,..,

The size of most sturgeon broodstock requires
large, well-constructed tanks, preferably able to
serve multiple functions. Tanks may be con-
structed of a wide variety of materials including ~.wood, concrete, fiberglass, and plastic. Fiberglass
tanks are often used because of their strength and
portability. These tanks must be capable of main-
taining the animals in good condition during
transport and while holding them for short or long
periods. Field and transport tanks should be de-
signed for the specific field conditions encoun-
tered, the nature of the broodstock being used, and
the distance from the capture site to the hatchery.
All of the tanks described in this section represent
designs that have been successfully used to rear
sturgeon and are presented here as examples.
Among good criteria for a culture tank are good
water circulation, designs for cleaning efficiency,
easy access, and durability.

Short-Term Holding
If the water quality is good, individual sturgeon
may be transported or held in small tanks contain-
ing nonaerated water for up to 30 minutes. The                               ~
water should be aerated initially, and the water
temperature should be 15° to 17°C. The minimum-
sized container should be slightly larger than the
fish, fitted with a cover, and provided with enough
water to fully support the animal to prevent bruis-
ing and internal injury (fig. 30).

Broodstock from nonspawning areas are often
transported in small tanks when moved from the Fig. 41. Fiberglass tank for holding sturgeon females during
capture site to larger boats for gonadal processinghormone-induced ovulation.
or to shore facilities for acclimation and further
transport. Good judgment should be used when
employing these techniques. When some form of
aeration or water exchange is available, it should
always be used. When aeration is not available
during transport, exchange of water with a hand
bailer can add an extra margin of safety. Ripe
broodstock should always be provided with aera-
tion and the best possible water quality.

Moderate-Term Holding and Transport
Sturgeon are often held in tanks for several hours
or even several days during isolation, observation,
and treatment, or while in transport to another
location. A well-designed tank for holding brood-
stock during these activities is rectangular in
shape, 1.8 to 2.1 meters long, 0.46 to 0.91 meters
wide, 0.61 to 0.91 meters deep, and has a capacity
of 500 to 1,500 L (figs. 41 and 42). The tank should
be provided with a water exchange to maintain 5.0
mg/L oxygen and good water quality. A maximumFig. 42. Double-sided fiberglass holding tank used to maintain
loading density is about 150.0 kg/m3. two individual sturgeon females during observation.
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Transporting broodstock by road is a neces-
sary and critical operation that requires depend-
able equipment designed to maintain the sturgeon
with minimum stress. Insulated fiberglass tanks
of about 1,500-L capacity with an attached cover
are recommended (fig. 43.). Aeration should be
provided by a forced-air compressor or bottled
oxygen, and a back-up oxygen system should be in-
cluded in the design. More elaborate designs in-
clude an internal water recirculating and spray
system. The trailer should be rated as 4-ton mini-
mum and equipped with a heavy duty double axle
and the necessary tools to change tires while on
the road. A well-designed system will allow for a
48-hour transport. A loading density of about
150.0 kg/m3 is also recommended for transport
tanks.

Fig. 43. Insulated fiberglass transport tank for sturgeon brood- Short trips of I hour or less may be made us-
stock mounted on a double-axle trailer and equipped with aing a modified tank as described for isolation andwater circulation system and supplementary aeration.

treatment. Such a tank, however, should be well
insulated, covered, equipped with an aeration
system and back-up, and mounted on a heavy duty
trailer.

Acclimation Tanks
Acclimation tanks are used with prespawning
broodstock collected from salt- and brackish-water
areas. White sturgeon are usually conditioned to
freshwater before they are transferred to the
hatchery to continue the maturation process.
Acclimation tanks are set up near a salt water loca-
tion with access to a chlorine-free, freshwater
source. Initially the sturgeon are placed in tanks
filled with salt water, then over a period of 2 to 3
days the water is exchanged and the salinity re-
duced until the water is fresh. This gradual transi-
tion and acclimation also allows the fish to recover
before being transported to the hatchery. Stur-
geon have also been transported successfully to
the hatchery in diluted sea water after recovery
and partial acclimation. When this is done, the ac-
climation process is continued at the hatchery.

Acclimation tanks for white sturgeon are
designed to hold 25 to 30 fish of 23.0 to 46.0 kg
each because large numbers of prespawning
broodstock are usually taken to assure availability
of future spawners. The tanks are rectangular or
circular with a minimum depth of 0.91 m and a ca-
pacity of at least 10,000 L (fig. 44). Water exchange
is provided with a dual pump system capable of
delivering 57 L per minute of both fresh and salt
water. Aeration is supplied with a forced air
system with back-up capabilities. The tanks are
covered or screened for sun protection and secur-
ity and to minimize animal disturbance.

Fig. 44. Fiberglass acclimation tank for sturgeon captured in The acclimation process is not necessary
salt water, when broodstock are collected from freshwater
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spawning areas. These fish may be transported
directly to the hatchery after they have recovered
from the stress of capture. Before transport the
fish are often allowed to recover in a short-term
holding tank equipped with aeration and water ex-
change systems.

Maturation Tanks
Maturation tanks are designed for long-term
maintenance of broodstock. These systems are
capable of maintaining the sturgeon for several
months and in a condition that promotes matara-
tion. They are used during the maturation of pre-
spawning adults captured before the spawning
migration.

A recommended design for a maturation tank
for domestic broodstock is a 6.1-meter diameterFig. 45. Six-meter diameter fiberglass tank with peaked

fiberglass sectional roof used for long-term holding and as
circular fiberglass tank with a center drain. Water maturation tanks for sturgeon broodstock.
level is maintained by an external standpipe (figs.
45 and 46). The tank consists of at least two sec-
tions to allow for convenient transport and easy
assembly. It has a maximum capacity of 40,000 L
and a water depth maintained at 0.61 meter, which
gives an approximate 20,000-L working volume.
Water exchange is provided at a 76.0 L/minute
minimum and Oz is supplemented by a forced air
system that maintains a minimum concentration
of 5.0 mg/L Water is introduced at an angle to
promote a spin that aids in removing waste
through the center drain.

The tank should be covered and located in a
secluded area to reduce animal disturbance. Aera-
tion may or may not be necessary, depending on
available water flow, animal density, and oxygen ...... ~
content of the initial water. To assure adequate
oxygen content in the tank, however, the oxygen
content of the effluent water should be maintainedFig. 46. Three and a half-meter fiberglass tank with screen roof

at or above 5.0 mg/L. Water exchange rate in theused to maintain sturgeon broodstock.

tank should be at least 10 to 15 volumes per day ex-
change when loaded to capacity. Capacity loading
is about 15 broodfish with a mean weight of about
30.0 kg. Spawning Tanks

The water temperature of the long-term holdingSpawning tanks for handling sturgeon broodstock
tanks for wild-caught broodfish should be main-should be of a size adequate for the species being
tained at the temperature experienced by thehandled. Most tanks are rectangular, with dimen-
jaatural population of the species during normalsions that prevent the animal from turning, yet
maturation. For most North American sturgeon,allow some movement. A good tank design for
this temperature is between 10° and 15°C. Properwhite sturgeon in the 23.0 to 46.0 kg class is 2.1
site location of the hatchery is important. A sitemeters long by 0.61 meters wide by 0.61 meters
with several water sources of varying temperature deep. The tank should be raised to a height conve-
is valuable, because the ability to blend water withnient for handling the fish and for moving the fish
thermal valves is cheaper than heating or coolingin and out of the tank with the stretcher. It should
water to the proper temperature. Natural popula-also be covered or provided with a strong mesh
tions of white sturgeon spawn in the Sacramentoshade screen that provides subdued lighting yet
River between 13° and 17°C, with peak spawningallows observation. The cover screen should be
occurring at about 15°C. White sturgeon malessecured by rope or blips to prevent the fish from
have been successfully matured in Californialeaping from the tank or splashing the work area
hatcheries using these temperature criteria, if excited (fig. 47).
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The interior of the tank is usually medium
blue or medium green in color to prevent strong
light penetration and to aid viewing of the darker
colored eggs once the female begins ovulation.
The water temperature is maintained at the recom-
mended spawning temperature range for the given
species (table 1), and the water exchange is about
five or more volumes per hour to maintain good
environmental conditions. Supplementary aera-
tion to the system is recommended.

Fig. 47. Fiberglass tank with plywood cover used to spawn
sturgeon broodstock.

!
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| SECTION VI
Broodstock Evaluation: Field Examination

Overview swollen and enlarged condition that is caused byI extensive feeding will be apparent after the fish
Sturgeon broodstock are examined after captureare held for a few days without feed and the gut is
to determine their sex and reproductive condition,void of waste. Male sturgeon taken from non-

i Because sturgeon in general do not exhibit exter-spawning areas often present a problem when
nal sexual dimorphism, the ease with which thisundergoing evaluation for sex or level of matura-
task is accomplished depends on the season,tion. They are difficult to distinguish from im-
whether the fish were taken from a spawning or mature, nonripe females, and surgery is required if

I nonspawning area, and whether or not the fishthe objective is to obtain males and verify their
were actually participating in a reproductive run. reproductive state.
Under any circumstance the objective is to deter- Taking broodfish from the spawning ground at
mine the sex and the relative level of maturationthe height of the spawning season eliminates the

I with minimum stress to the fish. Excessive stressneed for surgery to determine sex and condition.
to potential broodfish can result in harm to theThis process reduces both the work necessary for
fish or loss of its ability to contribute viable hatchery success and the handling stress on the
gametes in the hatchery. In some circumstancescaptured broodstock. As stated, however, in some
surgery may be necessary to determine the sex orcircumstances capture of broodstock from non-
reproductive condition of the animal. Unless ne-spawning areas is preferable and surgery is
cessary, however, surgery should be avoided, as itnecessary. This approach is selected if the objec-

I does stress broodfish, tive is to avoid disturbing fish that have completed
Although sexual dimorphism is not apparenta spawning migration or because of regional social

in most sturgeon, ripe sturgeon collected in spawn-or political problems that may develop if brood-
ing areas often exhibit secondary signs that will in-stock are captured in a spawning area. An impor-
dicate their sex. If not freely milting at the time of tant advantage to this approach is that it enables
capture, males can be easily identified by applyinghatchery personnel to manipulate the spawning
pressure to the posterior abdominal region, thustime of the fish and plan hatchery events in
causing milt to be expressed from the genital open-advance.
ing. Females are recognized if their abdomens are Two tests are available to determine the stage
obviously swollen and girths enlarged. Small fe-of development of sturgeon follicles and their
males, possibly spawning for the first time, arereceptiveness to hormonally-induced ovulation.

l more difficult to evaluate for ripeness or sex. Both require surgery. The first test allows classi.
Although they may be suitable for spawning, thesefication of late-stage maturity in eggs based on egg
fish are often mistaken for nonmilting males or im-polarization and position of the nucleus or get-
mature, nonripe females, and surgery may be re-minal vesicle (GV) and is used to select female

I quired to determine their sex and reproductivesturgeon that are good candidates for spawning
condition. It is often difficult to distinguish the during the immediate hatchery season. Although
sex of sturgeon taken from greater depths, such asthe test is not essential to hatchery protocol using
the Columbia River. Male sturgeon taken from acaptured white sturgeon broodstock, it is pre-

I depth of 30 meters or more often will exhibit sented here for two reasons: it is useful in
distended girths caused by air bladder pressuredomestic broodstock research and may become
and may be confused with roe-bearing females, more important in hatchery work with other

i It is more difficult to determine the sex and North American species. The disadvantage of the
reproductive condition of sturgeon taken fromtest is that it is based only on morphological
nonspawning areas prior to their reproductivecriteria and does not evaluate the physiological
migration, although certain observations may helpcondition of the follicles.

I (see Appendix 7 for tips on identifying female The second test determines the ability of the
sturgeon just before spawning migration). Largeoocytes to respond normally (i.e., undergo GV
female sturgeon with late stage vitellogenic eggsbreakdown) to the hormones administered during
that are captured prior to entering the spawningspawning induction and is used to determine if

l area will exhibit a swollen abdomen and enlargedthe female sturgeon is ready to undergo induced
girth. These fish are often transported to thespawning. It is considered essential to the hatch-
hatchery to continue the maturation process. Aery operation.

!
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I The test for GV position is optional. It is a stretcher and positioned on a stretcher rack. A
presented in this section under the heading "Fieldwatertube is placed in the animal’s mouth and con-

i Evaluation of Broodstock: Surgical Examination"stantly monitored to see that the water flow is
because the sampling process may be conductedmaintained and the stretcher hood flooded. In
immediately after fish are captured orjust prior topreparation for surgery, the abdominal area an-
the spawning period. Methods of gross evaluationterior to the genital pore is treated with a 4 percent

I of gonads are presented in the same section butantibacterial solution of nitrofurazone ad-
can also be used to evaluate broodstock matura-ministered with a wash bottle (for method, see Ap-
tion in the hatchery. The second test, for GVpendix 8). Using a scalpel fitted with a size I0
breakdown, is covered in Section VII (pages 45-47). blade, a 1.0 cm incision is made through the ven-

I tral midline, a distance of three to five ventral

Field Evaluation of Broodstock: scutes anterior to the genital pore. This incision is
made to determine the presence or absence of ripe

Surgical Option oocytes (fig. 48). If the fish is a ripe female, the
I Surgical examination in the field to determine sex oocytes appear mmripe will large,as 3.5 to 4.0

or level of maturation may be performed on adiameter, dark-pigmented eggs in the area of the
moderately sized boat or at a shore-based facility,incision. Ripe testes can also be recognized
All surgical and other support equipment shouldthrough a small incision as a white spermatogenic
be laid out beforehand. The necessary surgicaltissue. If spermatogenesis is not advanced, the
equipment is listed in table 4. testicular lobes will be yellow with a dark-

pigmented tunica. If the fish is immature and the

I gonads are underdeveloped, a biopsy of the tissueTABLE 4. Equipment used for field examination of may be taken to determine the sex.sturgeon broodstock The incision is then enlarged to about 2.5 to
Hooded stretcher Stretcher rack 3.0 cm. Gonads are examined by gently pushingI Watertube Watertube circulation pump aside the gut with an arm of the forceps. Imma-
Watertube sump Wash bottle with 4% nitrofurazone
Razor blades Scalpels with #10 and #15 blades ture testes are uniform, yellow, cordlike structures
Forceps, suture needle Forceps, Adson-Brown tissue with a white stripe of spermatogenic tissue at
Hemostats, straight and Forceps, common, straight, and their ventral portion. The ovaries are more flat-

curved curved
4.0-5.0 mm tygon tubing Leibovitz L-15 incubation medium tened, white to pale pink in color, with the ovi-
Sample vials, 50 or 100 ml Identification tags gerous folds exposed on the lateral side adjacent to
Record book Tape measure the body wall. Small samples up to 5.0 x 5.0 mmScale 150-ml beakersI Hot plate Dissecting microscope can be taken with biopsy forceps or cut out with a
Shallow tray, 12"x24" Crushed ice thin blade scalpel if study samples are desired.
Paper towels
Monofilament suture material swedged to half-circle surgical needles These samples can be taken from the superficial

tissue layer without damage to the major blood

I vessels.
Whether or not to anesthetize the sturgeon in

the field before the surgical examination is decid-

i ed by the hatchery personnel. The purpose of us-
ing an anesthetic is to prevent the fish from mov-
ing during the surgery. West Coast operators
prefer not to anesthetize the fish, as they have

I found that following the stress of capture, the
sturgeon is exhausted and does not move during
the minor surgery. More important, the combina-
tion of exhaustion and anesthetic can be detrimen-

I tal to the fish. However, these operators do use
anesthetic during surgery at the hatchery while
surgically evaluating the sturgeon’s level of

i maturity. The anesthetic of choice is MS-222
(Federal Food & Drug Administration-approved
anesthetic for fish). See Final Female Selection:
Preassay Surgery, page 45.

Surgical Examination
After capture, the fish is quickly transferred to the Fig. 48. Initial incision made during the surgical examination
examination site, where it is placed on its back inof sturgeon broodstock.
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If the gonads are small and not readily avail- Direct observation of the gonads or other in-
able for visual examination, they can be examinedternal organs can be made with an otoscope sup-
by palpation. Sex may be determined by carefullyplied with a battery operated light source. This
inserting a finger through the cut into the bodyinstrument allows examination of the gonads with
cavity and feeling the shape, size, and texture of theminimum disturbance to the animal. It is inserted
gonad (fig. 49). Before insertion, the finger isthrough the incision and allows an adequate view
disinfected with nitrofurazone and a small amountof the internal organs.
is also washed into the body cavity.

The male and female gonads are easily differ- Staging the Male
entiated by touch. The ovary is not membrane-The developmental stage of the male is determined
bound, has a bumpy texture, and feels rough whenduring primary processing. The size and color of
touched. The testis is covered with a thin mem-the testis are the criteria for judging ripeness. A
brane and feels smooth. The difference in textureripe testis appears creamy white, regardless of its
of the male and female gonads is evident at allsize. An unripe testis has a significant amount of
stages of sexual development (table 5 and Appen-dark pigmentation and yellow fat deposits. The
dix 9). white germinal portion of an unripe testis is great-

ly reduced when compared to a ripe testis. If an
,~NTRA~ VE~L otoscope is not available, the incision may have to

INCISION PO,NT INCISION "O,,T be enlarged to 4.0 to 6.0 cm for proper visual ex-
amination. Whenever possible, such enlarged inci-
sions are avoided as they reduce the chance for
fast healing following closure.

Staging the Female
Oocyte samples can be taken from the female at

00,sA, this time to determine if the fish is a potential~ORS~ spawner by determining GV position. The oocytes
are removed by aspiration using a length of 4.0

A. Mature Female B. Mature Male mm-internal diameter tygon tubing. A small
amount of chilled Leibovitz L15 incubation med-

Fig. 49. Diagrams of cross-section through lower third of body ium or saline solution is first drawn into the tube
of sturgeon broodstock, showing the position of the gonads, in to facilitate oocyte passage in the tube (figs. 50 and
(a) mature female and (b) mature male. 51). See Appendix 10 for alternate incubation

medium. Once the tube is inserted into the ovarian
TABLE 5. Gross characteristics of ovaries and testes mass, the incubation fluid is released, and a sam-

of white sturgeon notable during surgical ple of about 50 oocytes is drawn into the tube. The
examination oocytes are placed in a 50.0-cc vial containing

Stage Ovaries Testes enough incubation medium to cover the sample,
and the vial is marked to identify the fish. The

0 Gonad apparent only as Gonad apparent only as
undifferentiated tissue, undifferentiated tissue, sample may be stored on ice and processed at a

1 Small folded; no Testis as thin strip shore installation later in the day.ovary: appears
visible oocytes; tissue of tissue; some adipose tissue;
color white to yellowish, no pigmentation in tunica. Postsurgical Procedures

2 Moderate-size ovary: small Small testis: beginning After examination, the incision is closed and su-
200-500/~m 0ocytes; profuse folds may be apparent; high tured using a cruciate or continuous suture pat-adipose tissue; sometimes adipose content; tunlca with
"salt & pepper"-like particles some "translucent smokey" tern (figs. 52 and 53). (For materials needed, see
present; "salt:" developing pigmentation. Appendix 11.) The suture should not be tight and
follicles; "pepper:" atretic
follicles, should provide 2.0 to 4.0 mm slack to prevent the

3 Large ovary: varies in color Large testis: some adipose suture material from cutting into the tissue as it
from white to yellowish to tissue; folds beginning to swells during the healing process. The surgical
light gray; oocytes 1.5-2.5 form lobes; some pigmentation area is then washed with a 4 percent solution of
mm; sometimes with "salt in tunica still apparent.
& pepper" appearance.* nitrofurazone.

4 Presence of large, dark Large, Iobular white Immediately after surgical examination, an
oocytes, 3.0+ mm. testis.I- identification tag is placed on the animal and the

* The stages are relative, and as transitions are made between stages, data related to the tag recorded. These data typi-
gradations between stage characteristics may be apparent, cally include capture date and location, length of

~" Mature testis will not exhibit pigmentation in the tunica. Advanced the fish, and sex and stage of maturity. Ideally, theStage 3 testes have been used to obtain sperm, but sperm viability
is often reduced, tag should be readable without handling the fish.

!
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Fig. 52. Suturing a broodstock sturgeon following surgical
examination.

A. CRUCIATE SUTURE

~ END ,~ KNOT tO~OT

~ture suture on larger incision

Fig. 50. Removal of an oocyte sample from the body cavity of
a female sturgeon by the aspiration technique using a tygon
tube inse~ed through an incision in the body wall. B. CONTINUOUS SUTURE

@ Sl.. of @ End loop of @ Tie-off
~tin~us ~ntinuous
suture ~tu~

C. SINGLE S~RE

~~ Single suture on       @ Two single sutures
small incision            on moderate incision

Fig. 51. Close view of the tygon tube used to remove an oocyte Fig. 53. Suture patterns used to close incisions made during
sample from a female sturgeon, the surgical examination of sturgeon broodstock.
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Reusable, plastic, cattle leg-band tags or similarlyDetermination of Potential Spawners:
constructed tags are good for short-term taggingOptional Test

i
of larger broodstock. The tag is placed around thePotential spawners are determined by examining
caudal peduncle with just enough slack to avoidGV position in oocyte samples taken during pri-
constriction or chafing of the flesh (fig. 54). Tags mary broodstock examination. The method is
left on the fish for long periods or applied too tightbased on oocyte maturation and is a modification

lusually result in irritation that causes swelling of
the caudal peduncle and profound damage to the

of the procedures developed by Detlaf and Ginz-
burg (1954) and Detlaf, et al. (1981). Five to 10 of

retail tissue, the sampled oocytes are poured into a 150-mlSpaghetti tags, although harder to read with-beaker containing hatchery water or Leibovitz in-

l out removing the fish from the tank, cause mini-cubation medium, placed on a hot plate, and boiled
mum damage and are more suitable for long-termfor five to eight minutes. This hardens the yolk
holding. Two tags are used to reduce the chance ofand fixes the position of the nucleus or GV. The
lost data of one becomes dislodged. The spaghettisample is then cooled by placing the beaker con-I tags are lodged into the shoulder muscle of thetaining the sample in a tray with crushed ice (figs.

~sturgeon with a tag gun. This instrument has a56 and 57).
thin notched knife that punctures the flesh and To determine GV position, the oocyte is

Islides an anchor into the flesh when the instru- bisected and examined under a dissecting micro-
merit is sq~eae~zed. The tag gun delivers a series ofscope. This procedure is accomplished by grasp-numbered gs that are held on a sliding bar (fig.ing the oocyte with a pair of Adson-Brown tissue
55). In addition to the tag number, different colors forceps and making a cut along the animal-vegetal

Imay be used to identify males and females or fishaxis (fig. 58). The cut can be made with a surgical
in different stages of maturity. Spaghetti tagsscalpel or a single-edged razor blade. The position
work well with both large and small broodfish, of the GV can then be observed and evaluated
Other tagging and banding techniques may be(table 6 and figs. 59 and 60).

~t~plicable, but their application and suitability~ve not been well tested in long-term holding of
sturgeon.

Fig. 56. Sturgeon oocyte samples in beakers containing
Leibovitz incubation medium boiling on hot plates.

Fig. 54. Cattle leg-band used to tag sturgeon broodstock.

Tagging instrument with numbered spaghetti tags us- Fig. 57. Sturgeon oocyte samples chilled on ice in beakers ’i
ed to tag sturgeon broodstock, containing Leibovitz incubation medium. ,l~! ,41                                                           ~
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I                                                                                             AP      ~

f

I

I AP = Animal Pole A = Distance between GV and cell membrane

VP : Vegetal Pole B = Diameter at oocyte along animal-vegetal axis

GV = Germinal Vesicle J~ = Classification index

I
Fish that are good candidates to spawn in the regular spawning season are in stageFig. 58. Bisecting a single white sturgeon oocyte along the ivc~ Q should be less than 1/14 or 0.07.animal-vegetal axis to determine the position of the germinalI vesicle (GV).

Fig. 60. Diagram of a sturgeon oocyte showing the position of
the germinal vesicle (GV) in the cortical ooplasm of the animal
pole and formula for determining stage. (Modified from Detlaf

I et al., 1981)

Oocytes in stage IVa are underdeveloped and

I will not respond adequately to spawning induc-
tion. Oocytes in stage IVb are questionable, and
spawning induction should be at the discretion of
the hatchery manager. Oocytes in IVc are the most

I ripe, and females are good candidates for induced
spawning. The position of the GV does not vary
greatly in individual eggs from a sample, and sec-

I tioning of 5 to 10 eggs is usually adequate.
The timing for making the determination of

’: ~’ ~ potential spawners among broodstock taken from
nonspawning areas can vary. Some hatchery oper-

I ators elect to postpone the determination until the
animals are transported to the hatchery. OthersFig. 59. Six bisected white sturgeon oocyte samples used to elect to hold the animals in the hatchery until thedetermine the position of the germinal vesicle (GV). The GV

can be seen in each sample as a dark sphere or smear in thepeak of the natural spawning season, then perform

I cytoplasm or near the internal margin of the oocyte, the analysis on the day before spawning induction
is scheduled.

Broodstock captured in nonspawning areas
are allowed to recover before they are transportedI to the hatchery, where the maturation isprocess

TABLE 6. Classification of late.stage maturity of continued. Anadromous species captured in salt
oocytes based on oocyte polarization and water are first taken to an acclimation facility,

i germinal vesicle migration* where they are placed in tanks, acclimated to
Stage Description freshwater, and then moved to the hatchery for the
IVa Oocytes are round, 3.0-3.5 mm in diameter, GVt is centrally maturation process. White sturgeon have been

positioned, successfully acclimated from 35.0 parts per thou-

I IVb Oocytes are ovoid, 3.5-3.8mmtndiameter, GVhasmovedtoward sand salinity water to freshwater without disrup-
the animal pole and is located approximately half the distance ting the maturation process. After capture the fish
between the oocyte center and cortex, are held in an acclimation tank for 24 hours in

IVc Oocytes are ovoid and "pointed" at the animal pole, 3.8-4.0 mm flowing water of the same salinity as that of the
in diameter, large GV lies in the cortical ooplasm of the animal
pole. capture site. The salinity is rapidly reduced to 15.0

* From Doroshov, et al., 1983. parts per thousand within 2 to 3 hours. Over the
t GV=germinal vesicle, next 12 to 24 hours, water salinity is gradually
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I reduced to freshwater, and the fish are held intransport of female sturgeon broodstock a gradual
freshwater for a minimum of 6 hours before and slight rise in temperature canbe tolerated, but
transportation to the hatchery, a drop in water temperature often results in a poor

or aborted spawn.
Field Evaluation: Broodstock from In response to the stress of capture, ripe fe-

males near spawning may undergo physiologicalSpawning Areas changes precluding or reducing the chance for suc-
Sturgeon taken from spawning areas and exhibit-cessful ovulation. To prevent thisconsequence,
ing secondary signs, such as an enlarged, softsome hatchery operators administer the initial in-
abdomen in females and flowing milt in males,jection of inducing hormone at the capture site

I should be transported to the hatchery as soon asprior to transport to the hatchery (see "Spawning
possible. Sturgeon milt and eggs have been ob-Induction of Broodstock;’page 47). Other hatchery
rained from ripe animals in the field and later personnel prefer to immediately move the animal
fertilized, but for maximum efficiency the full to the hatchery, especially if the transport time is

I resources of the hatchery should be used. Duringshort.

43
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SECTION VII
Broodstock Evaluation: Hatchery

Overview wild-caught sturgeon do not feed actively in cap-

Sturgeon hatcheries may deal with three types oftivity, and any feeding attempts should be closely

broodstock: (1) wild-caught, nonripe animals thatmonitored to avoid tank contamination by uneaten

I require holding and further maturation; (2) wild- food. Unripe white sturgeon have matured and
been induced to spawn in captivity after being heldcaught, ripe animals that are close to spawning;4 months in tanks without food.and (3) juvenile, hatchery-reared animals that are

being developed as future broodstock. In this sec-

I tion we address ripe and nonripe wild-caughtEstablishing Dates for Final Selection and
animals and the techniques used to produce frySpawning
from these sturgeon. Juvenile,’ hatchery-rearedSpawning times of natural populations of North
animals being held for future broodstock may beAmerican sturgeon vary according to species,

I grown in tanks or earthen ponds and biopsied aslatitude, and local conditions (table 1). Hatchery
they approach maturity, personnel schedule the final examination of brood-

stock and spawning induction to match the natural
spawning season of the selected species, and

Nonripe Broodstock spawning induction is usually timed to occur in
Nonripe broodstock are wild-caught adult stur-the middle of its period. The final selection of

i
geon that were captured prior to the completion offemales for spawning induction is made 1 day
vitellogenesis and oocyte polarization, events thatbefore to the desired spawning date and is based
precede ovulation. This category can includeon the physiological in vitro test of oocyte matura-
anadromous or freshwater species captured priortion (GV breakdown).
to or during the reproductive migration, but does If potential spawners have not been deter-
not include ripe females captured on the spawningmined using methods to classify stage IV oocytes
grounds. These fish are brought into the hatchery,(table 6), both this test and the assay to select
maintained, and monitored for sexual develop-animals for induction, as described below, may be
ment. Those exhibiting gonadal maturity are in-run simultaneously using the same oocyte sam-
~duced to spawn, ples. To do so, double the oocyte sample and

A significant percentage (30%-40%) of the follow the procedures for classifying stage IV
females selected during the primary field ex-oocytes, as described earlier, and for identifying

I~amination and held at the hatchery for furtherGV breakdown, as described below.
development may not progress to the ripe stage
because of capture stress resulting in physiologicFinal Female Selection: Preassay Surgery
changes that preclude successful spawning. ForThe final selection of females to undergo spawning
this immediately before an animal is induction is made once the samples arereason, oocyte
chosen for spawning induction a second, moresurgically removed, incubated in a medium con-
detailed surgical examination is performed totainingthe maturation-inducing steroid progester-

I determine egg condition, one, and examined for the specific maturation
response, that of GV breakdown (for an explana-

Maturation Tanks tion of oocyte maturation, see Appendix 12). To ac-
When nonripe sturgeon broodstock arrive at thecomplish this selection process, a female sturgeon

I hatchery they are transferred to long-term holdingis removed from the holding tank with a tube net,
tanks. The sexes are usually kept separate. This istransported to the examination area, and anesthe-
not required, but is more convenient when thetized with MS-222. The sturgeon are placed in a
animals are examined later. These animals maytemporary holding tank containing aerated water

I have to be maintained for up to 5 months, depend-with 100 to 150 ppm MS-222. When the fish are
ing on time of capture and the spawning season forsubdued, they are transported to the surgery area
the species, by stretcher. The surgery area is equipped with

Captive feeding of wild-caught sturgeon has two water hoses used to flush the sturgeon’s gills.
been reported. Sturgeon have been enticed to feedOne hose delivers freshwater and the other deliv-
on lamprey and salmon flesh at the Bonneville,ers water from a recirculating sump containing
Oregon salmon hatchery. In general, however,aerated water with 75.0 ppm MS-222. For a list of

!
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’
I equipment used for hatchery examination of stur-TABLE 8. Level of sedation and corresponding

geon broodstock, see table 7. response of sturgeon anesthetized with
During surgery the hoses are exchanged, the MS-222

timing of which is based on the judgment of theLevel Response
person conducting the surgery and the criteria
described in table 8. During the exchange the 1 After introduction of MS-222, opercular movement (ventilation)

increases, and some abnormal swimming behavior may be

i stretcher is repositioned on the notched sawhorses apparent.
to allow the overflow of freshwater to be dis- a Rapid opercular movement decreases to be~ow normal,
charged out of the area or the overflow of the swimming becomes slow, and fish exhibits some loss of

equilibrium.
MS-222 water to be returned to the sump. If many       3 Fish exhibits slow opercular movement, slow swimming activity

I fish are being examined in one day, a fresh sump and, if turned over while swimming, is able to return to the
solution of MS-222 is prepared at midday. The upright position.
water should have a minimum oxygen concentra- 4 Fish exhibits slow and infrequent opercular movement. There is a
tion of 5.0 mg/L and temperature and pH compar- complete loss of equilibrium, and the fish is unable to right

I able to the water in the source holding tank. The itseff when turned over.*

watertube system is then set up. The surgical s No opercular movement.t

equipment, disinfectant, and incubation materials6 Overextended opercula.~;
are prepared in advance and positioned next to the* sturgeon are moved and surgery is performed at this stage.

~" The fish should immediately be given fresh water containing noperson making the examination (for a list of equip- MS-222.
ment needed, see Appendix 13). :~The fish is In shock and will die if the gills are not immediately flushed

Before surgery, the abdomen is washed with with fresh water. Anesthetic should not be used again, and the fish
should be allowed to recover.

I 4.0 percent nitrofurazone. A 0.5 cm incision is
made through the body wall in the ventral midline,
three to five ventral scutes anterior to the genital Assay for Determining Spawnable
pore. The incision is usually made slightly above

I or below the cut that was made during the original Females: Final Oocyte Maturation
field examination. The maturational steroid assay for determining

When present, the oocytes appear as a mass of spawnable females involves incubating oocyte
darkly pigmented spheres with a diameter be- samples from selected females and examiningI tween 3.4 and 4.2 mm. Approximately 50 oocytes the oocytes for the presence or absence of a nu-
are removed from the sturgeon by aspiration usingcleus, or GV. Absence of a GV after exposure to
a length of tygon tubing and following the methods maturation-inducing steroids is termed germinal

I described in the surgical examination of sturgeonvesicle breakdown (GVBD). The presence and
from nonspawning areas (pages 38-39). percentage of GVBD in the oocytes examined in-

dicates sturgeon suitable for spawning induction.
Approximately 50 oocytes are removed from

I each female, placed in a marked container of
TABLE 7. Equipment used for hatchery examination of chilled (16°) Leibovitz incubation medium, andsturgeon broodstock held in a bed of crushed ice. Twenty-five oocytes
Hooded stretcher Stretcher rack from each sample are added to prelabeled, dis-I Watertube Watertube circulation pump posable petri dishes or tissue culture plates filled
Watertube sump Wash bottle with 4% nitrofurazone with 20.0 ml of the incubation medium. Care isRazor blades Scalpels with #10 and #15 blades
Forceps, suture needle Forceps, common, straight, and taken not to add additional volume of Leibovitz

i Forceps, Adson-Brown tissue curved incubation media to the plates when transferring
4.0-5.0 mm tygon tubing Hemostats, straight and curved the oocytes. Then 0.2 ml of predissolved pro-Ground glass tissue Sample vials, 50 or 100 ml

homogenizer Leibovltz L-15 Incubation medium gesterone maturation steroid stock solution is
Identification tags Record book added to each culture plate and gently mixed (fig.

i Tape measure Scale 61). For preparation of stock solution, see Appen-150-ml beakers Hot plate
Dissecting microscope Shallow tray, 12"x24" dix 14. The progesterone hormone is used to
Crushed ice Paper towels stimulate egg maturation. The final concentra-
Disposable petri plates Refrigeration unit
Balance tion of each dish is 10.0 micrograms of pro-

I Formalin, 4.0% buffered solution gesterone per milliliter of solution. The plates
Monofilament suture material swedged to half-circle surgical needles containing the oocyte samples are then allowed to23-25 gauge, 3.2-cm long needles with transparent hub
1.0-3.0 cc plastic disposable injection syringes incubate for 24 hours at 15° to 16°C. Agitation

I
Sterile distilled water or 6% physiological saline and special atmosphere are not required.
Progesterone maturation steroid stock solution
Triiodothyronlne At the end of the incubation period the con-
Induction hormone: Acetone-dried common carp pituitary gland tents of the plates are poured into 150-ml beakers,

powder (LHRHa) boiled for 5 to 8 minutes, and cooled in crushed
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lice. A portion of each sample may be fixed in 4.0 Spawning Induction of Broodstock
percent buffered formalin if egg records are to be The previous discussion relates only to femalekept. The oocyteSaxis andare examinedthen bisectedfor GVBD.al°ng Thethesturgeon caught in nonspawning areas. The fol-I animal-vegetal lowing information pertaining to spawning induc-boiling, cooling, and cutting technique is identicaltion applies equally to females captured in both
to that used on oocytes in Section VI, "Determina-nonspawning areas and on the spawning ground.

i tion of Potential Spawners: Optional Test," pages To spawn sturgeon successfully in captivity,41-42. If no GV is apparent, additional cuts arethe broodstock are induced to ovulate (females) ormade away from the exposed edge in both sectionsspermiate (males) with exogenous hormone injec-to eliminate error due to an incorrect cut or slight- tions. Two types of hormones are commonly used

I lY off-center nucleus. Normally, suitable in North America: acetone-dried common carp
preovulatory females exhibit GVBD in oocytes at a pituitary (CCP), gland powder and mammalianfrequency ranging between 80 and 100 percent,gonadotropin (or luteinizing hormone) releasing
Nonripeand 10females exhibit GVBD at a range betweenhormone analogue, D-Ala6, Des GlyI° Ethylamide,
0 hereafter referred to as LHRHa. The more com-percent. OocytesexhibitingGVBD at a

range of 30 to 70 percent are relatively rare. mon of the two is CCP (for notes on the other ex-
ogenous hormones, see Appendix 15).

Injection Schedule
Spawning induction includes two injections of the
selected hormone preparation. The initial, pri-
mary, injection is separated from the second, or
resolving, injection by 12 hours. Ovulation can be
expected within 20 to 40 hours after administra-
tion of the resolving injection. Variation in
response depends on factors such as the size, age,
and condition of the fish.

The timing of the injection is based on the
animal’s condition or the selected hatchery
schedule. Ripe animals collected in the spawning
area that are obviously near ovulation should be

~/. - treated immediately. Animals in this condition are
¯ . administered the initial dose in the field to prevent

..... .~.. a negative spawning induction response often
~:~’::’ ~ :~"-- ~i:~::~:~: brought about by the stress of capture. For the

. :: ~ convenience of daytime spawning, the second in-
’ jection is usually given between 9 and 11 a.m.

Ovulation and spawning are then anticipated dur-
ing the morning hours of the following day. Ovula-
tion in larger females may not occur until the late
afternoon.

Induction Hormones
The amount of injected hormone is based directly
on the sturgeon’s weight, which may be taken using
a modified stretcher sling hung from a scale or a
holding frame mounted on a platform scale that
receives the sturgeon stretcher. Based on the total
weight of the fish, the dosage of CCP can be cal-
culated from table 9 (for dosage and procedures

~! using other exogenous hormones, see Appendix
.... ~ ¯ 16).

......... :~, The acetone-dried CCP is prepared by mixing
the powder form in a carrier solution of 0.6 per-

Fig. 61. Adding predissolved progesterone maturation steroidcent physiological saline. A convenient method is
stock solution to culture plates containing sturgeon oocytesto use an analytical balance to preweigh the CCP
and Leibovitz incubation medium, into 10, 20, 50, and 100 mg units and place these
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I units in capped vials. The capped vials are thenTABLE 9. Dose for exogenous hormone common carp
refrigerated, pituitary (CCP) to induce spawning in white

When the appropriate dose is determined, sturgeon*

I these pre-weighed vials can be combined to give Femalest Malestthe total amount required within _+10.0 mg.
Total Dose 4.0mg/kg 1.0mg/kgBecause stocks of CCP are not in standard concen- (~.a mg/Ib) (0.45 mg/Ib)

I trations, the +_ 10.0 mg error is provided for in the* COP = acetone-dried common carp pituitary powder.
formula for determining total dose. � Total dose for female is divided into two injections with initial

dose = 10% of total dose.The CCP powder is then placed into a ground
$ Total dose for males is given in one injection 2-6 hours before theglass tissue homogenizer and mixed with thefemales’ resolving dose.

I minimum amount of saline carrier solution (0.3
to 0.5 ml) necessary to obtain a uniform solution.
The homogenizer facilitates the release of matura-
tion-inducing substance and breaks up the larger

I particles that could clog the injection syringe
needle. If a large amount of CCP is used and the
suspension is too dense, an additional 0.3 to 0.5 ml
of physiological saline is added. The suspension is
then allowed to settle in the homogenizer tube for
2 to 5 minutes before being collected by syringe.
This preparation is made just before injection,

I because once in solution the hormone has a
relatively short shelf life (_+ 1 hour) at room
temperatures up to about 27°C. Shelf life may be
extended for several hours if the syringes are kept

I on ice or in a refrigerator.
Thyroxine (triiodothyronine or T-3, Sigma Co.)

is recommended by Detlaf, et al. (1981) to improve

i ovulatory success, especially for females that were
subjected to thermal stress or held in the hatchery
without food for a long period. It is hypothesized
that the use of this hormone prior to the injection

I of the inducing hormone enhances the capacity ofFig. 62. Injecting sturgeon broodstock with spawning-
the follicle to respond to the inducing hormoneinduction hormone.
with the secretion of maturation steroid hormone.
The T-3 suspension is prepared by weighing outof the body of larger fish are recommended if the

I 10.0 mg of the substance per kilogram (4.5 mg/lb)dosage exceeds this amount. The injectionis made
of body weight for each selected broodfish (male in the thicker part of the dorsal muscle, approx-
and female) and adding this and no more than 1.0imately 1/3 distance of body length from the head,
ml of physiological saline to a capped vial. Thebetween the lateral and dorsal scute rows.I contents are shaken, drawn into a syringe, and im- For fish than 12 to 15 thelarger kg, injection
mediately injected into the fish. should be made with the syringe held perpendic-

ular to the fish’s body. The needle should be in-

I serted at an angle only in smaller fish with less
Injection Procedures muscle mass in the injection area. As the needle is
Hormone injections are usually given with a 1.0 towithdrawn, a finger is placed over the puncture for
3.0 cc plastic disposable syringe fitted with a 23 toa few seconds to prevent backpressure from ex-

I 25 gauge, to 3.2 cm long needle with a transparentpelling the injected solution. The injection site is
plastic hub. If a series of fish are to be induced tothen massaged. Females should spawn within 20
spawn, the appropriate dosage is placed in theto 32 hours after the resolving dose. The latency
syringes and each syringe is labeled according toperiod (time from resolving injection to ovulation)I the targeted fish. will depend on water temperature and the body

Injections are administered in the muscle be-size of the fish. Lower temperature and larger
tween the lateral and dorsal scutes within the areabody size will increase the period of latency. Males

I extending from the base of the pectoral fin to themilt within the same relative time frame.
midsection of the fish (fig. 62). No more than 1.0 Several methods have been employed to ad-
cc of solution should be administered at any oneminister hormone injections to sturgeon. They
injection; several smaller injections on both sideshave been injected while being held in a tube net
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I or in a stretcher placed under the fish to partiallyFemale Response
elevate it out of the water. Sturgeon have also beenOvulation can be expected within 20 to 40 hours
injected underwater while resting passively on theafter administration of the resolving hormonei bottom of the spawning tank. The choice is usual-dose. The of the is the discre-timing injection at
ly based on the skills of the hatchery operator,tion of hatchery personnel. Although sturgeon
Less experienced personnel may forcibly restrainhave been induced to spawn at all hours in the

i the fish with a tube net or stretcher, but this action24-hour cycle, the ovulatory response is observed
may agitate and stress large sturgeon during amore frequently in either the early morning hours
critical period. Broodfish have been known toor the late afternoon and evening hours. Regard-
jump out of the spawning tank while beingless of the timing, prespawning preparation re-

I restrained in this way. quires about an hour, and female sturgeon should
Underwater injections are often used. The be checked regularly starting at least 6 hours

advantages of this method are that it requiresbefore their predicted spawning time. This inspec-
only a single person to administer the injection,tion is necessary to avoid loss of eggs from anland it eliminates the stress caused by forcibleearly induction andresponse spawn.
restraint. It requires certain skill and patience to The first indication of a spawning/ovulation
approach the sturgeon and administer an under-response is the appearance of several eggs stuck to
water injection, but a sturgeon can be very docilethe bottom or sides of the tank. If the egg check is
under these circumstances. The fish may movemade at night, examination with a flashlight may
slightly or even swim slowly away, but with pa- be necessary. It is essential to check the released
tience and a steady hand the injection can be giveneggs at this time to determine if they feel sticky.

I quickly and easily, with a minimum disturbance.The stickiness results from a swelling of egg jelly
that hydrates on contact with water and secretion

Male Response of the adhesive substance. In this condition the
The only visible evidence that a male sturgeon iseggs will adhere to almost any surface.I preparing to milt may be cloudiness of the tank’s If the released eggs are not sticky, the female
water caused by the release of a small amount ofhas released eggs prematurely and should not be
sperm. If cloudiness is not readily apparenttaken from the tank for egg removal. Sometimes a

i within the expected time frame, the animal may befemale will release a few nonsticky eggs followed
further checked to determine when the milt isby the release of a few hundred sticky eggs, in
ready to be extracted. Checking is done bywhich case the spawn is usually a success.
restraining the male in a tube net, rolling it over The release of nonsticky eggs indicates poten-

I onto its back, and palpating the urogenital area.tial problems. If this continues well past the pre-
The male fish may be active during the examina-dicted period of spawning, chances of a successful
tion, but concern for unnecessary stress in malesspawn are diminished. If a few nonsticky eggs are
is not as critical at this stage as it is in females. Ifreleased initially and then no eggs are released for

I th~ male responds normally, he should begin to5 to 8 hours past the predicted spawning period,
milt _+20 hours postinjection in waterthe female usually willnot ovulate properlyor pro-
temperatures of 14° to 17°C and palpation is duce viable eggs. If she does not release the eggs,

i usually not necessary. Care is taken not to expressthey will be reabsorbed over a period of time. In
too much milt during palpation, to avoid wastingaddition, the eggs that are released will show, at
quantities needed during fertilization, best, a low rate of fertilization and development.

!
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SECTION VIII
Gamete Processing

I Preparation of Materials for Egg is mixed with water, and after 1 minute the super-
De-Adhesion hate is poured into another container. This step

removes large particles and fine sand from the silt
De-adhesion of fertilized sturgeon eggs is criticalsuspension. The silt suspension is allowed to set-

I to successful hatchery rearing of the fish, and thetie for about 2 hours, after which the supernate is
materials must be prepared well in advance of eggpoured off and the residue silt is dried. The dried
fertilization. A list of materials to be used in all silt is then broken up and passed through a sieve,
gamete processing appears in table 10. Twosuch as a common window screen. The fine silt isI methods baked at 260°C for 3 hours to burn off or kill or-ar~ usedfor the de-adhesionoffertilized
sturgeon eggs in North American hatcheries: ganic matter, cooled, and stored in large plastic
1. Occlusion of the sticky surface of fertilized eggs bags. For de-adhesion, several handfuls of dried

I with river silt silt are placed in a container and suspended in
or hatchery water at the temperature of the eggs to be

2. Chemical alteration of the sticky jelly coat, fertilized.
which eliminates the ability of fertilized eggs to

I adhere to other surfaces. Chemical De-adhesion
To chemically remove the jelly layer from fertilized
sturgeon eggs, a treatment of urea and sodium

i chloride (NaC1) or sodium sulfide (Na2SOs) is used,
TABLE 10. Equipment used for gamete processing followed by a tannic acid wash. This process is

similar to the one employed for de-adhesion of
Flashlight Egg de-adhesion material
20-L (or 5-gallon) container Plastic bags, 20-L (or 5-gallon) common carp eggs. The advantages of chemical

5.0-8.0 cm tygon tubing 20-cc plastic syringes de-adhesion are that it is quick and the treatment
60-cc plastic syringes Pure oxygen source does not introduce pathogens or environmental
Rubber bands Glass containers, 250 ml
Paraffin sheet material Compound microscope toxicants such as pesticides or heavy metals. The
50.0-ml sample vials Grid slide and cover slips disadvantages are that a slight miscalculation in

I Dropper 4" knife preparing the concentration of the chemicals can
3.0-5.0 L steel bowls Rubber spatula
Small glass or plastic bowls 25.0 ml graduated cylinder result in total egg loss and few hatcheries have ex-
1,000-ml graduated cylinder Large and small steel or plastic perience using the technique. Because few data

spoons are available on the use of chemical de-adhesion inI the hatchery, the is outlined below. How-process
ever, only the silting method of de-adhesion is
recommended, and presented in the later portion

I Silt of this section on egg fertilization.
Stock solutions of 0.4 percent urea, 0.3 percent

De-adhesion of fertilized sturgeon eggs with riverNaC1, and 0.1 percent tannic acid are prepared in
silt is the most commonly used method. River siltadvance and adjusted to the hatchery water tem-

I substitutes, such as clays and even diatomaceousperature. Fertilized eggs are treated with the solu-
earth, have also been used. However, diatoms-tions of urea and NaC1 for 5 minutes, followed by
ceous earth often abrades the eggs and increasesa 1 minute wash with tannic acid. The 0.1 percent
egg mortality. Because the silt is used liberally intannic acid is then partially decanted and diluted

I the de-adhesion process, a large amount is pre-to a 1:1 ratio with freshwater. This step is repeated
pared beforehand so excess is available when it isthree times over a 3 minute period. The eggs are
needed. Approximately 23 kg (50 lb) of the dry silt then washed three times in freshwater and pre-

i material is prepared in advance and stored inpared for incubation.
plastic bags to be available at the hatchery at all
times. Milt Extraction OverviewSilt is prepared by collecting river or stream-

I bottom sediment from a spawning area or fromMilt may be collected several hours before egg fer-
another location with similar silt conditions. Caretilization. To collect milt, the fish is held in a tube
should be taken to avoid areas with known toxicnet with the vent exposed. The uro-genital area is
chemical residues. If dry sediment is collected, itdried with paper towels, and care is taken to pre-

I
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vent contamination of the sperm with water as it
is collected.

Milt is collected with a 5.0 cm length of tygon
tubing attached to the nipple of a 20-cc plastic
syringe. Initially, the plunger of the syringe is
depressed. The tygon tubing is then inserted into
the genital opening located just posterior to the
anus (figs. 63, 64, and 65). Milt is collected by
massaging the abdominal area over the testes to
force milt into the collecting ducts and slowly
withdrawing the plunger while moving the tubing
back and forth in the genital opening. This tech-
nique will remove large quantities of milt without
contamination by either feces or water.

Milt Storage
If not used immediately, sturgeon milt may be
stored for up to 12 hours by refrigerating the col-
lection syringes containing the sperm at 4°C.
White sturgeon milt has been stored for up to 2
weeks and used successfully when maintained in a
pure oxygen atmosphere in 20 to 60-cc plastic
syringes refrigerated at 4°C (fig. 66). The oxygen
atmosphere is added to the syringe by attaching
the collection tube to a pure oxygen source and
slowly withdrawing the plunger. The contents of
the syringe are then agitated to assure maximum
oxygenation and the tube clamped or plugged for
storage. The oxygen should be replaced every 12
hours by expelling and replacing the old by thegas
method described above.

An alternative storage method for milt is to
place the milt samples in 250.0-mi glass containers Fig. 63. Large syringe fitted with a piece of tygon tube usedembedded in a tray of crushed ice. The openingsremove milt from male sturgeon.
of the containers are covered with a paraffin sheet
seal ("parafilm") and an "X" is cut into the seal to
allow oxygen exchange. The tray containing the
samples is enclosed in a large plastic bag inflated
with pure oxygen, sealed, and stored at 2° to 5°C
(figs. 67 and 68). For a discussion of cryopreserva-
tion of sperm, see Appendix 17.

¯ The viability of stored sperm should always be
checked before it is used, because there may be a
slow but steady decrease in sperm viability during
storage. Poor quality sperm will deteriorate even
more rapidly when stored, so all milt samples
should be evaluated immediately after collection.
Milt samples destined for long-term storage
should be of highest quality. Samples with less
than 75 percent viability should not be stored for
extended periods.

Checking Sperm Viability
Before sperm is used to fertilize eggs it should be
examined with a microscope to determine viabili-
ty. Viability is based on the ratio of activated to
nonactivated sperm following water activation and
before the sperm loses mobility. The deter-Fig. 64. Removing milt from a male sturgeon.
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Fig. 67. Cutting an "X" in the paraffin seal to allow oxygen ex-
change in a container of sturgeon milt. The containers are
embedded in a tray of ice for rapid chilling before storage at
4oC.

Fig. 65. Close view of use of syringe to remove milt from a
male sturgeon.

Fig. 68. Prior to storage at 4°C, the ice tray containing
Fig. 66. Syringes containing sturgeon milt ready for storage at sturgeon milt samples is enclosed in a plastic bag that is in-
4°C. flated with pure oxygen and sealed.

!
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mination is made in three steps: (1) estimate themidseason males whose milt is similar in color to
ratio of motile to nonmotile sperm at 30 seconds;2 percent low fat milk. The thin semen produced
(2) record the time when 50 percent of the sperm at the end of the spawning season or by males that
show activity; and (3) record the time of relative have been spawned repeatedly is grayish-white and
cessation of sperm activity. If the milt has been has the consistency of nonfat milk. The latter
stored under refrigeration or on ice, it should beshould be diluted with water in a ratio of I:100. If
warmed to about 16°C before being checked, semen is in short supply, the dilution can be in-

The viability of sturgeon sperm is evaluated bycreased to 1:500, or the 1:200 dilution can be used
an estimation of sperm motility. This is done withif the amount of water added to the eggs at the
a light microscope equipped with a stage illumin-time of fertilization is reduced.
ator, 20X objective lens, and a grid slide with a Milt samples are removed from storage and
cover slip. A small sample of semen (less thanallowed to warm to the hatchery water tempera-
1/100 ml) is placed on the cover slip with a Pasteurture. The volumes of milt-to-water are determined
pipette. A small amount of aerated fresh water to give the desired ratio, labeled, and kept separate
(0.2-0.3 ml) is placed on the grid slide and the coveruntil the moment before fertilization. The total
slip containing the semen sample is gently pressedvolume of water and milt should be enough to
over the slide. The smear is immediately exam-cover the amount of eggs to be fertilized.
ined with the microscope for sperm motility.

The first determination is made by selecting a
representative field of 10 sperm and recording the
ratio of active to inactive sperm after 30 seconds. Egg Extraction Overview
Next, scan counts within grids are taken until ap-To operate the sturgeon hatchery efficiently dur-
proximately 50 percent of the sperm are motile,ing egg processing, the hatchery must be prepared
and then the time is recorded. Finally, the time isbeforehand with all equipment ready and hatchery
recorded at which 80 to 90 percent of the spermpersonnel given specific assignments. Egg
are immobile. Average counts using fresh, repli-extraction may be accomplished with two experi-
cate samples are recommended, enced people, but preparation of the eggs for

Samples with average 30-second counts of atincubation requires two more. More than four
least seven to 10 active sperm are used for fertiliza-people in the work area during these activities can
tion. The time of 50 percent motility is useful as be a liability.
an indication of when egg fertilization is losing At this point a decision has to be made as to
momentum. The time of relative cessation ofthe ultimate fate of the female broodstock. The
sperm activity indicates when sperm-egg mixingfirst option is to sacrifice the female and remove
becomes ineffective, all the ova. This assures an efficient removal of

eggs. A second option is to surgically remove the
eggs by the methods described for sexing the fish
and then return the sturgeon to the wild or to a

Sperm Dilution broodstock holding facility. The latter option is
Sturgeon sperm have a relatively short viablepreferable when handling an endangered or
period following water activation. Preparations threatened species. However, hatchery production
are made for dilution in advance of fertiliza- through female sacrifice has its place. In in-sperm many
tion, but the actual dilution of sperm with water isstances, live sturgeon with viable eggs are legally
not made until the moment of fertilization, captured in the commercial or sports fishery and

The milt used in fertilization should not beoffered to private or public hatcheries for fisheries
prepared until the eggs are taken and the post-enhancement as long as the carcass is returned to
fertilization protocol is fully prepared. Once ac- the donor. Therefore, both methods have value.
tivated, the sperm must be used within a fewEach method has prescribed steps described
seconds, below to assure maximum success in obtaining

During natural spawning the sperm releasedviable eggs for fertilization.
by the male is immediately diluted in the aquatic
medium. This dilution must be mimicked in the
hatchery to avoid problems such as inactivation ofFemale Sacrificed
semen by coelomic fluid and polyspermy. UnderTo kill the female sturgeon prior to egg removal,
normal circumstances, most sturgeon hatcheriesthe fish is held in a tube net and administered a
use a 1:200 milt to water dilution. The density ofblow to the head. It is important to make sure
sperm cells in the seminal fluids of injected malesbeforehand that the fish is "nerve-dead" so that
varies throughout the spawning season. The 1:200reflex nerve action will not cause muscle spasms
dilution is a best estimate for representativeduri.ng subsequent egg removal.
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To remove the eggs, the fish is first hung on a
hook by the mouth or gill opening so that the vent
is at waist level to the person collecting the eggs
(fig. 69). The tail is severed at the caudal peduncle,
and the fish is bled to remove as much blood as
possible. This step helps avoid or minimize con-
tamination of eggs by blood from ovarian tissue
that affect quality. Blood is also believedmay egg
to interfere with the sperm’s ability to interact
with the egg.

To remove the eggs, the abdomen of the stur-
geon is cut with a knife, starting above the vent and
continuing to the anterior of the abdominal cavity
(fig. 70). A 3.0 to 5.0-L stainless steel bowl is held
under the vent to catch the eggs. The bowl is held
directly below the initial incision because gravity
pulls the eggs out with considerable speed and
force (fig. 71). The cut is made by inserting the
point of the knife above the vent, with the blade
facing outside, and carefully cutting just the ab-
dominal wall as the incision is extended anteriorly
(figs. 72, 73, and 74). Care is taken not to sever any
internal organs or to slice through the egg mass.
A second bowl is positioned under the first so that
as the initial bowl fills, the second bowl can be
moved into position without losing eggs. This pro-
cess is repeated until the last eggs are taken.

During the process of egg removal not all the
eggs will be free in the abdominal cavity. Often a

I substantial number of eggs will remain attached
to the ovarian folds. If ovulation has been in-
itiated, these eggs should be removed by gently

i combing them from the ovarian folds with your
fingers and placing them in the fertilization
bowls. The process of ovulation will be completedFig. 69. Sacrificed female white sturgeon in preparation for
in the bowls within 15 to 20 minutes after removalegg removal.

I from the fish, and high quality embryos can be ob-
tained after fertilization.

Sometimes the last bowl or two of eggs will
contain visible amounts of blood from ruptured

I ovarian tissue. Frequently, this blood interferes
with fertilization of the eggs. Fertilization may
be attempted with these eggs, but they should be
placed in separate incubators and their develop-

I ment monitored closely.

Female Not SacrificedI If the female is to be retained as future broodstock
in the hatchery or in the wild, the eggs are removed
surgically using techniques similar to those used

i in primary and secondary gonadal examination.
The fish is positioned in a stretcher, ventral side
up, with a watertube system employed. After the
abdominal area is disinfected, an 8.0- to 10.0-cmI incision is made near the previous incision and the
egg mass exposed. Eggs are then gently removed Fig. 70. A female paddlefish positioned on her back with belly
with a. large plastic spoon and placed in stainlesscut to show the ovarian mass.

I
C--047276

C-047276



Fig. 71. Insertion of a knife point into the vent of a female Fig. 73. Care is taken to assist removal of loose sturgeon eggs
white sturgeon, with the cutting edge facing outside, begins from the ovarian mass forced out of the cut by gravity.
the process of egg removal.

|
!

Fig. 74. The cut is extended to expose the total sturgeon egg
Fig. 72. The cut is extended upwards while a bowl is position- mass. All loose eggs are carefully hand-combed from the
ed near the bottom to catch the eggs. ovarian mass and body cavity.
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steel or plastic spoon placed in stainless steel Eggand Fertilization
bowls (figs. 75 and 76). Since it is essential to avoidBefore fertilization is attempted, the material used
injury to the internal organs, only eggs easilyin the egg de-adhesion process must be preparedreached are taken. This restriction may mean thatand easily accessible. Instructions for preparation
only 30 percent of the eggs are removed. However,of the silt suspension appeared earlier in this sec-
if ovulation is complete, 90 percent or more of thetion under the heading "Preparation of Materialseggs can be taken. After the eggs are removed, thefor Egg De-Adhesion:’ They should be read before
incision is sutured and disinfected by techniquesfertilization If chemical de-adhesionis attempted.
described earlier under gonadal examination. Theis used, the stock solution should be at 14° to 16°C
fish is then returned to the maturation tank forand readily available.recovery. In preparation for egg fertilization, the bowl

containing the eggs is tilted and excess coelomic
fluid surrounding the eggs is poured off. Failure
to remove the fluid can interfere with fertilization
because sturgeon sperm are not motile in coelomic
fluid.

The eggs are fertilized by adding the diluted
milt solution directly to the bowls containing the
eggs (fig. 77). The mixture is slowly stirred by
hand. The mixing is continued for up to 3 minutes,
or until the first few sticky eggs are noticed. At this
time excess liquid is poured off and the de-
adhesion process started immediately. The aque-
ous sperm solution will not interfere with the de-
adhesion process.

The rapidity of the jelly-induced sticky reac-
tion varies among egg batches. The variation may

Fig. 75. Surgery for egg removal being performed on a live depend on factors such as water temperature, thefemale white sturgeon to be retained for broodstock,
time of the spawning season, or variations among
individual females. In most cases the reaction is
slow enough initially to give sufficient warning of
the onset of the sticky reaction. The warning,
however, may be as little as 60 seconds, and to
assure egg survival the de-adhesion process
should begin immediately.

Egg De-Adhesion

The preparation of de-adhesion material must be
performed before the eggs are fertilized. If silt is
used, several handfuls of dried silt are placed in a
19.0 L container. The container is filled with hat-
chery water at a temperature as close as possible
to the temperature of the eggs, usually about 14°
to 16°C. Silt is added to the water until a suspen-
sion is formed and a residue of silt accumulates in
the bottom of the container.

To initiate the de-adhesion process, the silt
suspension is poured into the fertilization bowl
containing the fertilized eggs in a proportion of 2
to 4 volumes of silt to one volume of eggs. The mix-
ture is then stirred gently by hand so the hatchery
operator has a "feel" for the de-adhesion process.
If any clumping of the eggs to the walls of the bowl
has occurred, the clumps are gently broken up by

Fig. 76. Eggs being spooned out of a live female whitehand (fig. 78). The silt suspension in the bowl
sturgeon. Later the female will be sutured and allowed to should be changed every 10 minutes to maintain
recover in a holding tank. proper temperature and oxygen levels. To change
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the silt suspension, the bowl of eggs is tilted, the
suspension is poured off, and fresh silt suspension
is added (figs. 79 and 80). The de-adhesion process
is continued until the eggs do not stick to fingers
or to one another when lifted from the bowl.

The time and labor required for silt de-
adhesion depends on the water temperature. At
least 20 minutes is required at water temperatures
of 17°C and above, while up to an hour may be
required at temperatures below 13°C. Individual
batches of eggs will vary in their response to the
de-adhesion process.

At the end of the process the eggs will have lost
all stickiness. The bowl containing the eggs is then
flushed with hatchery water until the water runs
clear. The eggs will exhibit a fine coating of silt,

Fig. 77. Fertilization of sturgeon eggs by adding diluted milt to especially around the vegetal pole, but most of the
a bowl of eggs and slowly mixing with a soft instrument or by
hand. silt coat will eventually be lost in the incubation

process (for mechanical siltation, see Appendix
18).

Measuring Total Spawn

After de-adhesion the eggs are counted by volume.
This count is done by filling a 25.0 ml graduated
cylinder with a subsample of the spawn and hand-
counting the eggs (fig. 81). It is important to pour
off any excess water. Three replicate counts are
recommended. The entire spawn is then measured
by volume using a 1,000-ml graduated beaker. The
total number of eggs is calculated by dividing the
total volume by the average egg count obtained
from the 25.0-m1 samples.

Fig. 78. Fertilized sturgeon eggs undergoing de-adhesion by
hand-mixing with river silt.

Fig. 79. Pouring off the suspension of river silt during de- Fig. 80. Adding a fresh silt suspension during de-adhesion of
adhesion of sturgeon eggs. sturgeon eggs.
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Fig, 81. Hand counting sturgeon egg samples from a known volume to ob-
tain an estimate of the total spawn.
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SECTION IX
Incubation of Eggs and Early Life Stages

Overview each other negatively, especially eggs from an

Incubation systems designed for sturgeon eggsabortive spawn. In addition, secretion of hatching

must provide a habitat that fosters egg develop-enzyme by more advanced embryos may cause

ment and discourages mortality from environmen-premature hatching in less developed batches.

tel stress, and bacterial and fungal diseases. TheModified Trout Egg Barrel
sturgeon egg is especially susceptible to fungal in-The modified trout egg barrel consists of a fiber-festation, particularly in the later stages of de-glass container 51.0 cm high and 20.3 cm in dimvelopment. Therapeutic treatments for egg fungus The barrel receives ultravioletmeter(fig. 82). (UV)-are not commonly employed because the holo-treated water through a delivery system in theblastic pattern of sturgeon egg developmentlower end. The water enters the barrel through arenders the eggs particularly sensitive to theseseries of perforated pipes positioned below achemicals. As a result, most hatcheries usescreen that supports a column of gravel. Theincubation-system designs that prevent fungalgravel serves to break up and distribute the waterdevelopment or the spread of any initial fungalflow evenly as the water rises in the column. A se-infestation, cond screen is positioned above the gravel and

Incubators that provide running water over a forms a platform for the sturgeon eggs. The barrel
stationary population of sturgeon eggs are lessis capped with a third screen that allows water tosuccessful than those that provide for egg move-flow up and out over a lip to a discharge trough.ment. Once a fungus is established in a stationaryAll screens are perforated in a pattern of two holespopulation of sturgeon eggs, virtually all of theper cm, with a single hole diameter of 3.0 ram. Theeggs become entrapped by the fungus. Systemsbarrel is equipped with a longitudinal plexiglassthat provide gentle turning and agitation of theviewing panel for observation of the egg column.eggs discourage fungal mycelium attachment from
the source of infection to other healthy eggs and
reduce the incidence of egg loss to fungus. Stur-
geon eggs also ~xhibit a high tolerance to agitation
after closure of the blastopore. Eggs are more sen-
sitive to agitation from the early cleavage stages
through gastrulation (approximately 60-78 hr post-
fertilization at 15°C). If agitation is not controlled
in these stages, significant mortality can result.

Most North American sturgeon hatcheries use
adaptations of the MacDonald jar incubator. Mac-
Donald jars provide the egg movement necessary
to discourage fungal development and allow ad-
justment of the water flow as needed to vary the
degree of egg movement. Many hatcheries, how-
ever, are adopting a two-stage incubation system.
The first stage employs a modification of the trout
egg barrel incubator, in which the fertilized eggs
are placed in an upwelling system that provides
good water flow around the eggs without causing
egg agitation. After neurulation, the eggs are
transferred to the MacDonald jars, where the
water flow stirs the eggs and discourages forma-
tion of fungal mats.

Incubation Equipment
eggs Fig. 82. Modified trout egg barrel used in two-stage incubationSimultaneous incubationof from differentfe-

males in a recirculating system should be avoided,systems to incubate sturgeon eggs until the neurulation stage
Batches of eggs from different females may affect of early embryonic development.
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Modified MacDonald Jar
The MacDonald jar system consists of a stand sup-
porting the incubation jars, a head tank that
delivers ultraviolet (UV)-treated water to the jars,
and a catch basin (figs. 83 and 84). Although UV-                                     _
treated water is not mandatory, it is recom-
mended. The incubation jars are 13-liter capacity,
round-bottom cylinders, 50.0 cm tall, and 20.0 cm
in diameter. The material is acrylic plastic that
allows direct observation of the eggs and water
flow pattern.

Water is passed through a UV sterilizer into an
elevated head tank. The head tank is fitted with a
standpipe drain that maintains a constant waterFig. 83. Diagram of a sturgeon hatchery system using
level and provides a head pressure for flow to themodified MacDonald jars. UV = ultraviolet treatment (Monaco
incubation jars. Water enters the jars throughand Doroshov 1983)
water distribution pipes, each equipped with a
control valve (figs. 83, 84, and 85). The water enters
each incubation unit through a PVC pipe that
passes through a jar-cap. The jar-cap has a second
hole that allows escape of any air that accumulates
between the water-cap interface.

The PVC pipe entering the jar is cut at a
60-degree angle and sleeved in a clear acrylic pipe
that extends from the jar-cap to about 2.5 cm from
the bottom of the jar (fig. 86). This design provides                     "
adequate control of water velocity and egg agita-
tion. The water flows out of the jar, over a lip posi-
tioned under the cap, and into a trough that carries
the water to a collection tank (fig. 84).

Egg Incubation in the Modified
Trout Egg Barrel

The egg barrel is set up with hatchery water at
16°C and minimum water flow. Eggs are placed in
the barrel by submerging a bowl of eggs and tilting
the bowl until the eggs flow onto the screen above 0~,
the gravel (figs. 87 and 88). A hand is placed near
the lip of the barrel to prevent eggs from flowing Fig. 84. Diagram of a sturgeon hatchery system showing water
out of the system. The barrel can be filled until the flow scheme. (Monaco and Doroshov 1983)
level of eggs is just below the top screen when the
screen is placed in position. With the top screen
removed, the water flow is increased until the eggs
at the surface begin to move, and then is cut back
to where movement just ceases. The egg column is
checked for subsurface movement through the
side viewing panel. After rechecking water tem-
perature and flow, the top screen is repositioned,
and the egg population is left undisturbed except
to monitor development.

Eggs are left to incubate in the barrel until
neurulation. If fungus develops, the eggs are im-
mediately transferred to the MacDonald jar sys-
tem. At 16°C, white sturgeon embryos reach
neurulation in about 58 hours. To monitor embry-Fig. 85. Spray-bar aeration system in header box and attached
onic development, eggs are removed from the in-uv unit of a sturgeon hatchery system.

I
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cubation system and examined under a dissecting
microscope. When the eggs are ready for transfer,
the barrel is disconnected from the water inlet
pipe, and the eggs are gently poured into suitable
transfer containers.

Egg Incubation in the Modified
MacDonald Jar

To load the MacDonald jars with eggs, the jars are
first filled with water, and the water intake valve is
set in the "off" position. Excess water is removed
from the egg transfer containers and the eggs are
gently poured into the incubation jars with a small

Fig. 86. Modified MacDonald jars showing the clear acrylic beaker until each contains about 13 cm3 (figs. 89
sleeve extending to the bottom of the jar and covering the and 90). The inflow valves are then turned on andwater delivery pipe cut at a 60-degree angle, the water flow adjusted to 30 to 40 percent ex-

change per minute. The eggs should exhibit an
even flow or mix but should not be kicked up into
the water column. As the eggs develop they will
become more buoyant, and the water flow is then
adjusted until the eggs are gently swirling and
mixing throughout the lower half of the jar (fig.
91). Some hatchery personnel will provide addi-
tional control of fungus in the hatchery jars by
temporarily reducing the water flow and siphon-
ing out the dead eggs. Methods also include gently
pouring the contents of the jars through an ap-
propriate size screen that retains eggs entrapped
in fungal mats and allows free eggs to pass, gently
breaking up clusters of good eggs that are
entrapped in fungal mycelia.

Fig. 87. Loading the modified trout egg barrel with fertilized As the eggs are developing, the water flows
sturgeon eggs that have undergone de-adhesion, from the jars into a trough that leads to a dis-

charge pipe. As the eggs near hatch, the extension
leading to the discharge pipe is removed from the
jar’s lip, and the flow is directed to a second pipe
that flows to a fry collection tank. When the eggs
hatch, the emerged fry tend to move vertically.
The fry are also of a different configuration and
the water flow will carry them to the top of the jar.
Eventually the water flow carries the young stur-
geon up over the jar’s lip and into the pipe to the
fry collection tank equipped with a screened cen-
tral drain (figs. 92 and 93). This flow adaptation
allows the system to be used simultaneously with
different age classes of eggs.

Fig. 88. A 3.0-ram mesh screen used to cap the modified trout
egg barrel and prevent sturgeon eggs from flowing out with the
discharge water.
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Fig. 89. Modified MacDonald jars loaded with sturgeon eggs
before initiation of water flow. (Photo by Jack Kelly Clark)

Fig. 91. Sturgeon eggs in modified MacDonald jars after water
flow is initiated. (Photo by Jack Kelly Clark)

! Fig. 90. Close view of eggs in modified MacDonald jars before
initiation of water flow.

!
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I Fig. 92. A sturgeon hatchery system showing the use of exten- Fig. 93. Sturgeon larval collecting tanks receiving water flow

sion tubes to direct water flow from the hatchery jars to the and fry from the hatchery system.

I water recirculation system, the larval collecting tank, or a silt
sump.
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SECTION X
Fingerling Production

Overview more than 20 percent water, and no more than 1

Sturgeon fingerling production is one of the morepercent yolk sac fry. The approximate density of

difficult portions of the hatchery system. Once the yolk sac fry given here is based on minimal avail-
able information, so hatchery operators shouldlarva, or fry, hatches from the egg and depletes itsadjust these guidelines according to their ownyolk reserves, its survival depends not only on the

culture system design but also on nutritional in-experience. The transport bag is placed in an

put. At this time, the weakest link in fry and insulated shipping container with a piece of ice
fingerling production is nutrition. Nutrition in- wrapped in a towel and placed next to the inflated
cludes diet formulation, food presentation, feedingbag. The box is then sealed, and efforts are made
schedules, and food preference. If not addressedto keep the shipping container in a cool environ-
properly, any one of these factors can negativelyment during shipment (figs. 94 and 95).

influence the animal’s growth and survival.
Culture systems developed for fry and finger- Sturgeon Fry Tanks

ling sturgeon are still evolving. This evolution isEarly larval or fry culture tanks may be square,influenced by the past experience of hatcheryrectangular, or circular in shape, usually deter-managers with other species of finfish and bymined by availability. Proponents of circularongoing projects involving the development of newtanks prefer the self-cleaning aspects of the design,sturgeon culture systems. Two common approach-whereas those using square or rectangular tankses are to use systems that reduce daily mainten-often maintain that these designs provide a moreance, such as circular self-cleaning tanks, orappropriate environment for the animal. Each de-systems that partially mimic conditions that the
animal may experience in nature, such as lesssign has a different impact on water current pat-

terns, water velocity, distribution of fry and feeds,water current and natural substrates. Future de-and fry feeding and resting behavior. Fry havesigns may reflect a compromise between the two.been raised successfully in all of these types ofIn the following discussion of fingerling pro- containers, and the tanks can be constructed fromduction, systems and protocols designed for stur-fiberglass and resin, wood with fiberglass coating,geon fry and fingerling production for use in bothwood with epoxy coating, or stainless steel. Systemfisheries enhancement and growout programs aredesign should be the choice of the individualdescribed. Success requires the ability to trans-hatchery manager.port animals long distances for further growout at
another facility and the ability to grow animals to Circular Fry Tanks
a size suitable either for stocking in the naturalCircular tanks for fry and fingerling rearing areenvironment or for intensive production growoutabout 122.0 cm in diameter, 46.0 cm in depth, and

flat-bottomed. Each tank is equipped with a cen-systems.
tered, screened standpipe and a single or double

Sturgeon Fry Transport spray bar for water delivery. Water depth is main-
tained at 30.5 cm, and water volume flow-through

Sturgeon yolk sac fry are often transported from a is 8.0 to 19.0 L/minute. Oxygen levels of 5.0 mg/L
hatchery to other growout locations. Long- minimum are maintained by the spray system, and
distance transportation of yolk sac fry has beenaccessory air is delivered with airline tubing and
quite successful, as the fry are hardy during thisair stones (figs. 96 and 97).
period, need no external nutrients, and metabolic
waste accumulation is minimal. TranscontinentalSquare and Rectangular Fry Tanks
shipments of yolk sac fry have been made usingCommon designs are flat-bottomed tanks, 183.0 cm
techniques developed to ship ornamental fish. The× 183.0 cm or 61.0 cm wide × 152.0 cm long and
critical factors are proper oxygen and temperature61.0 cm deep with rounded corners. The tank is
conditions, equipped with an external standpipe and internal

In preparation for shipment, the fry are placed screened sump or, preferably, an internal screened
in a doubled polyethylene bag secured at the topstandpipe. Internal sumps are not recommended
with rubber bands using a double tie. The bagbecause young fry can be trapped against the
contains by volume at least 80 percent oxygen, nosump screen. Water depth is maintained at 39.0
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Fig. 94. White sturgeon fingerlings prepared for shipment in
plastic bags.

!

Fig. 96. Circular fiberglass tanks used to rear sturgeon fry.

Fig. 95. Oxygen inflation of double plastic bag containing Fig. 97. Close view of spray-bar water delivery system used in
water and white sturgeon fingerlings for transport, circular fry tanks.
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cm and delivered through a single or double spray
bar at 8.0 to 19.0 L/min. An oxygen concentration
of at least 5.0 mg/L is maintained by the spray bars
supplemented by air delivered by airlines and air
stones (fig. 98).

The stocking density of the fry tanks described
above is approximately 15 to 20 yolk sac fry per
liter. Thinning of the developing fry should be
carried out at a density of 3 to 5 grams per L, or
when the fish reach an average of approximately
0.5 grams (assuming 50 percent survival).

Behavior of Young Fry
Fry placed in the tanks soon after hatch will
disperse throughout the water column, but will ex-
hibit a slight but significant negative phototaxis.Fig. 98. Rectangular fry tank used in sturgeon culture. (Photo
At this stage their pattern of swimming is similarcourtesy of Arrowhead Fishery, Gerber, California)
to that of frog tadpole larvae, and they constantly
swim in the water column. Within 5 to 6 days
posthatch, the fry exhibit a strong negative photo-
taxic response, settle to the bottom of the tank, and
aggregate in large clumps. Approximately 3 to 5
days after this transition from pelagic to benthic
behavior, larval development is near completion
and the fry will be ready to begin feeding (fig. 99).

Initiation of Feeding
The fry should I~e observed frequently to monitor
development and prepare to initiate feeding. The
transition from yolk sac nutrition to external
feeding is critical and in the case of sturgeon, lar-
val development is considered over when yolk sac
absorption is complete and the fry begin external
feeding. For best results, feeding should begin
before the yolk sac is completely absorbed. Stur- Fig. 99. Six-day posthatch sturgeon fry exhibiting negative
geon larvae respond to external food stimuli beforephototaxis, settling to the bottom of the tank, and aggregating

their mouths and digestive tracts are completelyin clumps.

developed, and early familiarization with a food
scent has proved successful in sturgeon and other
finfish hatcheries. Approximately 8 to 14 days
posthatch (about 8 to 9 days at 20°C or 13 to 14
days at 16°C), just before the completion of yolk
sac absorption, particles of the selected diet may
be "milked;’ or squeezed, between thumb and fore-
finger to release a cloud of food particles onto the
water near the sturgeon. Sturgeon that receive the
scent exhibit increased activity, and some hatch-
ery operators believe this introduction eases the
transition from yolk nutrition to external feeding
on the selected diet. Small amounts of fry feed are
introduced to detect when ingestion of external
food begins. During this period normal precau-
tions are taken to remove excess food and to main-
tain good water quality. Once the fry begin feeding
they disperse throughout the tank (figs. 100 andFig. 100. Thirteen-day posthatch sturgeon fry terminating
101). clumping behavior and scattering throughout water column.
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troduction of disease. Hatchery operators have re-
ported the presence of costia and Trichodina in
samples of tubificid worms used to feed young
sturgeon.

Some hatcheries have reported that young
sturgeon demonstrate a strong preference for food
types, and if initially introduced to natural foods,
such as fresh, minced tubificid worms, the fish are
difficult to wean to prepared rations. Feeding
trials demonstrate that a strong or exclusive
preference for tubificid worms develops quickly,
apparently because the fry are more prepared
physiologically and anatomically to accept and
assimilate natural foods. This strong or exclusive
preference for natural foods has resulted in refusal
to ingest prepared ration, smaller meal size during
a feeding period, suppressed growth, and severe
mortalities when the fish are switched from nat-
ural food to prepared rations. The reluctance of
the fish to initially consume the artificial diet, ex-
cess feed, and the resultant bacterial growth can
become a significant problem. Myxobacter and
Flexibacter thrive under these conditions and are
considered major contributors to larval mortality.

When sturgeon fingerlings have reached 2
months of age, growth is reported to be significant-
ly better with prepared rations used exclusively
than with live diets. This may be due to anatom-
ical and enzymatic changes in the gut that influ-
ence the animal’s ability to assimilate different
food types. This growth difference may also be
related to a lack of availability of appropriate live

101. Closer view of
foods to feed advanced fingerlings. As a result,

andFig" initiation of feeding, sturgeon following clump dispersal some hatchery managers recommend introducing
prepared rations at the initiation of external
feeding, absorbing some mortality and slower
growth during the fry stage, and regaining the ad-

Selection of Food and Food Preference vantage at the fingerling stage by avoiding the
The choice of live, natural, or prepared rations forweaning process (see Appendix 19 regarding com-
the production of sturgeon fingerlings is stillbined feeding of natural and prepared foods).
under debate. Although sturgeon rations have yet
to be developed, the salmonid diets currently used
for market production of sturgeon have providedPrepared Rations
adequate growth. Prepared rations used as larvalPrepared rations specifically designed for stur-
diets for sturgeon are considered the minimum re-geon are being developed. At present, the artificial
quired for growth and survival. Significant im- feeds commonly used for sturgeon fry and finger-
provements in sturgeon rations are expected in thelings are those formulated for salmonids. The
near future, moist and semimoist rations appear more palat-

Many new hatcheries feel that natural foods able than dry rations, particularly at the initiation
generally provide the best survival and growth forof external feeding. Once the fry have accepted the
the first weeks of juvenile growth. More experi- moist ration and have developed sufficiently to
enced hatchery personnel prefer to use preparedhandle a more solid pellet, they are carefully
rations and feel present feeding regimes and ira-weaned to the cheaper, more easily handled dry
proved system designs coupled with the use ofdiet. Two of these diets, Biodiet (semimoist ration)
these rations will result in better survival andand Silvercup (dry ration), initially developed for
growth of young sturgeon. They feel that the usesalmonids, are being used extensively in commer-
of natural food is impractical, adds to the overheadcial and public sturgeon hatcheries (tables 11 and
cost of operations, and more often results in the in-12).

70

C--047289
C-047289



TABLE 11. Research protocol: commercial TABLE 12. Commercial hatchery protocol: commercial
rations developed for salmonids and rations developed for salmonids and
currently used for feeding of larval currently used for feeding larval end
and fingerling sturgeon at UC Davis*,t fingerling sturgeon cultured in North

America*,t
Approximate feed
rates (approximate Approximate feed

Approximate body weight rates (approximate
Approximate body weightCommercial rationS: duration of feeding§ per day)ll

Commercial ratlon~ duration of feeding§ per day)JJ
(days) (%)

Blodlet #2 4"* 30 (days) (%)

Transition Mix of 3 15 Blodlet #3 5** 30
Biodiet #2 and Transition Mix of 2-3 15
Biodiet #3tt Biodiet #3 and
Biodlet #3 4 10 Biodiet #4tt

Transition Mix of 3 7 Biodiet #4 2 10
Biodlet #3 and Transition Mix of 2-3 7
Biodiet #4tt Biodlet #4 and
Biodiet #4 10 4 Stlvercup #2tt

Transition Mix of 3 4 Stlvercup #2 To point that animal is 2-4
Biodtet #4 and able to make transition

from starterlcrumbles toSilvercup #2tt
smallest pellet slze.tt

Silvercup #2        To point that animal is          2-4
able to make transition * Trade and company names mentioned are for informational put-
from starter/crumbles to poses only. This does not imply University of California or U.So

Government endorsement of the product.
smallest pellet size.tt t At a temperature range of 16°-18°C.

¯ Trade and company names mentioned are for informational pur- $ Some hatcheries use medicated feeds to prevent disease.
poses only. This does not imply University of California or U.S. § Times for diet transitions must be adjusted according to the
Government endorsement of the product, actual rate of growth of the animals, which is dependent on water

t At a temperature range of 16°-18°C. temperature and other factors. Therefore, the table gives the
~ Some hatcheries use medicated feeds to prevent disease, approximate number of days to use a particular ration, rather
§ Times for diet transitions must be adjusted according to the than a specific age of the animal at which to start and stop each

actual rate of growth of the animals, which is dependent on water ration.
temperature and other factors. Therefore, the table gives the I[ Excess feed should be cleaned 1-2 times per day for disease
approximate number of days to use a particular ration, rather prevention.
than a specific age of the animal at which to start and stop each ** Feed Initiation begins just before completion of yolk sac
ration, absorption (8-14 days posthatch, see pages 22 and 29).

II Excess feed should be cleaned 1-2 times per day for disease tt All transitions are accomplished with the following exchange
prevention, sequence: 75% current ration-25% new ration; 50% current

¯ * Feed initiation begins just before completion of yolk sac ration-50% new ration; 25% current ration-75% new ration; 100%
absorption (8-14 days posthatch, see pages 22 and 69). new ration.

tt All transitions are accomplished with the following exchange
sequence: 75% current ration-25% new ration; 50% current
ration-50% new ration; 25% current ration-75% new ration; 100%
new ration.

Fry Feeding Rates and Feeding Frequency with a glass beaker and examining the gut for the
Once external feeding is initiated, some managerspresence of food while holding the sample up to a
feed the fry at a rate of 25 percent of the tank’s light source.
total biomass every 24 hours, with feedings at in- The early feeding periods must be monitored
tervals of 2 or 3 hours. Other prefer to continuously and feeding rates adjusted based onmanagers
feed the fry ad libitum at 2-hour intervals, with food acceptance and amount of uneaten food left
continuous monitoring of feeding activities,in the tank. Other critical periods are during ra-
Manual feeding provides an immediate awarenesstion transitions. If any problems are encountered
of problems such as abnormal behavior or lack ofduring transition from one ration to another, or
feeding altogether. This style requires extensivefrom one ration size to another, the recommended
use of personnel but has proven worth the effortprocedure is to drop back to the previous ration
for new hatchery personnel. Many experiencedtype for several days and then slowly proceed with
hatchery personnel prefer to use automaticthe transition. The transition from one type of
feeding devices, especially once feeding protocolsfeed to another (e.g., semimoist Biodiet to dry
are initiated, using high quality mechanical feed-Silvercup) may be facilitated by dropping back a
ing units. Better automatic feeders provide a con-step in the particle size of the new diet. Although
sistent presentation and uniform delivery. Feed-care must be taken in advancing the larvae and fry
ing of fry may also be checked by capturing fry to new rations and rations of different particle
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size, most hatchery managers prefer to move theTABLE 14. Unidentified diseases and diseases with no
animals through the initial diets and ration parti- developed treatment to date
cle sizes as quickly as allowed by the growth andDisease agent Disease Signs/associations
health of the fish.

Saprolegnia sp. Internal fungus Observed in fish fed
Infection of gut spreading spoiled live diets

Disease Treatments for to body cavity and internal
organsFingerling Sturgeon

Adenovirus Virus infecting cells of Signs of starvation
Few hatchery operators in North America have ex- gut
perience in treating diseases of fingerling stur-Unknown Liver disease Livers extremely pale
geon under intensive culture. Sturgeon have been yellow to waxy; fish

usually thin and weakreported as having many of the diseases seen in
other fish, and treatments have been modifications

Unknown Gut inflation, fish lie       Gas trapped In gut,
upside down with notice- perhaps associated

of those used for salmonids and other cultured able gas distention in gut with supersaturated
species. As more experience is gained in the hatch- water or with nutrition

cry rearing of sturgeon fingerlings, the treatments
will be refined or changed. Tables 13 and 14 pre-
sent some of the more common and successful Stocking Fingerling Sturgeon

Most sturgeon hatchery managers consider the op-treatmentsusedfor white sturgeonfingerlingsin
North America. timum fish size for stocking fingerling sturgeon

for either natural environment enhancement pro-
TABLE 13. Common treatments used to control

diseases observed among cultured white grams or food production growout systems is
sturgeon*,t about 15.0 cm long. However, sturgeon 5.0 to 7.0

cm long have been successfully stocked in these
Disease Cause Treatment systems (fig. 102). The larger fingerlings are better
Myxobacterlosis Myxobactersp. bacteria Oxytetracycline¢ conditioned to find artificial feeds and survive

4-8 oil00 Ibs feed pond and large tank conditions. When stocking in
fed daily for 10days natural systems for fisheries enhancement, theFuranace$ fingerlings are often retained in a floating cage for4-8 ppm, static water
bath, 1 hour flush 24 hours to allow the fish to adjust to the new en-
repeated dally vironmental stimuli before release. If transferred

Columnaris Flexibacter columnaris Same treatment as directly to natural waters, lake sturgeon have been
bacteria outlined above reported docile and readily approached. When

Costta Ichthyobodo necatrix Formalin held in cages before release, however, they ex-flagellated protozoan 1:10,000, static water
bath, 1 hour flush hibited a more "stream-wise" behavior.
repeated if needed Normal precautions should be taken when

External fungus Assorted fungi Formalin stocking sturgeon in larger production facilities or
as outlined above in natural waters for mitigation purposes. The
Methylene Blue fingerlings should be acclimated to the new water
used experimentally at
5.0 ppm, static water for 20 or 30 minutes by gradually exchanging the
bath, or in excess of water in the transport container with the receiving
5.0 ppm in 1 hour flush water. This gradual acclimation assures no abrupt
Malachite Green changes in temperature, pH, or other physical fac-
found toxic at 1.0 and
2.0 ppm tors that would stress the fish.
Salt Hatchery-reared fingerlings have been re-
approxlmately 3% for leased in natural sturgeon habitats through
adults cooperative agreements with state agencies and

* Warning--Certain precautions should always be used when ad- the U.S. Fish and Wildlife Service. Indications are
ministering chemicals or drugs. Always test a small lot of fish with that these programs could benefit sturgeon pop-the chemical to be used. Observe these fish closely for any com-
plications, then proceed with treating the entire lot. It is recom- ulations in North America, especially those
mended that all treatments be conducted In consultation with a species considered threatened or endangered. Inqualified fish pathologist.

~’Trade and company names mentioned are for informational pur- addition to creating such mitigation programs,
poses only. This does not imply University of California or U.S. research sponsored by the U.S. Fish and Wildlife
Government endorsement of the product. All uses of fishery com- Service has already stimulated development of apounds must be registered by appropriate State and/or Federal
agencies. Only those uses described on the label are permitted small commercial sturgeon aquaculture industry,
and only at the rates listed, and this industry shows signs of growing and con-

� Oxytetracycline and the nitrofurans are not FDA approved for use. tributing significantly to aquaculture productionFor food fish, a 21-day withdrawal period is required with
terramycin, in North America.
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Fig. 102. Circular fiberglass tanks stocked with a low density of advanced

I
sturgeon fingerlings ready for stocking.
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APPENDIX 1
Metric/English Conversion Table

Metric English

Length

1 centimeter = 0.39 inch
2.54 centimeters = 1 inch

30.5 centimeters = 1 foot
1 meter = 1.09 yards

0.91 meters = 1 yard

Mass

1 gram = 0.035 ounce
28.35 grams = 1 ounce

1 kilogram = 2.2 pounds
0.45 kilogram = 1 pound

1 metric ton = 1.10 English tons
0.91 metric ton = 1 English ton

(2,000 pounds)

Volume

1 liter = gallon0.26
3.785 liters = 1 gallon
29.57 milliliters = 1 ounce

Flow Rate

1 liter/second = 0.035 cubic foot/second
28.32 liters/second = 1 cubic foot/second

1 liter/minute = 0.264 gallon/minute
3.785 liters/minute = 1 gallon/minute

Concentration

1 milligram/liter = 1 part per million
3.785 milligram/gallon = 1 part per million

I
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APPENDIX 2
Sturgeon Fisheries Statistics

Fisheries statistics for sturgeon in the United States are maintained by the National Marine
Fisheries Service of the United States Department of Commerce. The reported landings for
sturgeon are estimates and do not reflect the total number or weight of fish taken.
Unreported fish taken both legally and illegally in commercial and sports fisheries add
significantly to the total amount removed from national waters.

The primary commercial sturgeon fisheries in the United States are for white sturgeon
in the Pacific Northwest and Atlantic sturgeon in some southeastern states. Other species
such as lake and shovelnose sturgeon support small fisheries, but the total landings are con-
sidered relatively insignificant to commercial fisheries statistics and are not often
reported. The following data represent statistics for sturgeon fisheries obtained from
regional offices of the National Marine Fisheries Service covering the period 1971-1982, and
are presented here only to indicate estimates of the national sturgeon fishery for that
period. Accurate data for several locations are not available, and in recent years the fishery
in some states has been limited or closed.

Mean annual catch of Atlantic sturgeon, Acipenser oxyrhynchus, harvested from the
southeast coastal region of the United States from 1971-1982. Data presented in pounds (lb)
and kilograms (kg) rounded to the nearest whole number.

State Lb/Kg State Lb/Kg

Virginia 6,474/2,939 Alabama Nonreported
North Carolina 55,775/25,322 Mississippi Nonreported
South Carolina 85,898/38,998 Louisiana Nonreported
Georgia 9,727/4,416 Texas Nonreported
Florida 3,494/1,586

Mean annual catch of white sturgeon, A. transmontanus harvested from the Pacific
Northwest from 1968-1983. Data presented in pounds (lb) and kilograms (kg) rounded to
the nearest whole number.

I~cation Lb/Kg

Puget Sound, Washington 3,000/1,362
Grays Harbor, Washington 48,000/21,792
Wallapa Bay, Washington Nonreported
Columbia River, Washington 171,000/77,634
Ocean Fishery, Washington & Oregon 16,000/7,264

!
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APPENDIX 3
Summary of Current Sturgeon Culture Techniques by Species

Atlantic Sturgeon
Atlantic sturgeon, A. oxyrhynchus, are being successfully spawned and fingerlings pro-
duced. Migrating sturgeon are captured with anchored gill nets from late February to early
May at water temperatures of 9.5°-23.0°C. Fish are transported to the hatchery in
freshwater at 15°-23°C. At the hatchery, broodfish are either transferred to a 0.1 ha
freshwater earthen pond and held for 12-13 days before spawning induction or held in-
dividually and in small groups in round fiberglass tanks with water supplied at 15-38
L/minute at 15°-27°C.

Eggs are surgically removed and examined for ripeness based on the position of the
germinal vesicle in relation to the animal pole. To induce spawning, intramuscular injec-
tions of acetone-dried or fresh sturgeon pituitary are given, with the number of injections
based on the stage of egg development. Dosage for females varies from 1.5-2.0 mg dry
weight of pituitary per kg of fish. Males are injected every 1-3 days with injections of 0.5
mg/kg.

Egg and sperm are mixed for 1-2 minutes, washed, and then mixed with pond mud or
diatomaceous earth to prevent clumping. Fertilized eggs are stirred and washed for 10-30
minutes and placed in MacDonald hatching jars. Reservoir water is circulated through the
jars at 7.0 L/minute. Although some problems with fungal infection are reported, eggs
cultured by these methods have been hatched in 108-140 hours at water temperatures
ranging from 14.5°-22°C, in 121-140 hours at 16°-19°C, and in 72-100 hours at 19°-23°C. The
yolk sac is absorbed 9-11 days posthatch. The fry are fed a diet of ground beef liver mixed
with salmon mash and supplemented with live Artemia nauplii.

Egg and are mixed for 1-2 minutes, washed, and then mixed with pond mud orsperm
diatomaceous earth to prevent clumping. Fertilized eggs are stirred and washed for 10-30
minutes and placed in MacDonald hatching jars. Reservoir water is circulated through the
jars at 7.0 L/minute. Although some problems with fungal infection are reported, eggs
cultured by these methods have been hatched in 108-140 hours at water temperatures
ranging from 14.5°-22°C, in 121-140 hours at 16°-19°C, and in 72-100 hours at 19°-23°C. The
yolk sac is absorbed 9-11 days posthatch. The fry are fed a diet of ground beef liver mixed
with salmon mash and supplemented with live Artemia nauplii.

(References: 187, 189, 191)

Lake Sturgeon
Lake sturgeon, A. [ulvescens, are being artificially spawned and subsequently reared in net
cages. Spawning fish are dip-netted from the Fox and Wolf Rivers in central Wisconsin in
late April and early May when the water is about 12°C, and sperm and eggs are collected
in are then released.the field. The fish

Milt is expressed from ripe males by palpation of the abdomen, drawn into a syringe,
and stored on ice in glass vials. Eggs are collected from ripe females through a 5.0- to
7.0-cm incision anterior and lateral to the vent. The incision is closed with dissolving
sutures. The eggs are placed in a wet plastic pan, covered with water, stirred, and allowed
to stand for 2 to 3 minutes. To reduce adhesiveness, a bentonite clay solution is then added
to the eggs. After being washed with freshwater for 15 minutes, the eggs are fertilized and
transported to the hatchery in foam-lined boxes.

At the hatchery, the eggs are screened, reclayed, placed in MacDonald hatching jars,
and incubated at water temperatures ranging from 13°-16°C. Hatching occurs within 4 to
6 days, with resulting 34%-92% hatch rate. The yolk is absorbed within 10 days posthatch.
At this time, the fry are positively phototaxic, swim actively, and feed on live brine shrimp
nauplii, with little interest in dry food. At 30.0 mm long, the fry begin feeding on larger
zooplankters, but at the small fingerling stage an acceptable food has not been found.
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Other studies examined the effect of temperature on early development of lake
sturgeon. The time to hatch was 80-105 hours at 20°C and 380-430 hours at 10°C. Yolk
depletion and the initiation of external feeding occurred at 310 hours at 20°C and at 1300
hours at 10°C. The optimal temperature for embryos and early larvae was shown to be
14o-17°C.

(References: 2, 14, 19, 20, 51, 72, 212, 213)

Shortnose Sturgeon
Shortnose sturgeon, A. brevirostrum, have been cultured only recently. The first successful
culture trials based on induced spawning were in 1983. Adult sturgeon were captured by
electro-fishing or with gill nets. Ripe fish are generally obtained in February and March
at water temperatures between 7.2° and 13.2°C.

Captured fish are held in a 1.4 × 1.5 m deep cylindrical floating cage of 6 mm mesh
until transport to the hatchery. At the hatchery, fish are held in cylindrical tanks 1.8 x 0.8
m deep. The volume of the tanks is approximately 1,700 L. Freshwater at 17°-18°C is con-
tinuously supplied from a well or reservoir.

Females are held in the hatchery tanks for 3-4 weeks before spawning induction, and
males are held for up to 6 weeks. To induce spawning, the sturgeon are given intramuscular
injections of acetone-dried pituitary glands homogenized in 1.0-2.0 ml of distilled water con-
taining 10% dimethylsulfoxide (DMSO). Females are injected with carp pituitary at 8.0
mg/kg body weight or acetone-dried Atlantic sturgeon pituitary at 2.6-3.3 mg/kg body
weight. Males are injected with sturgeon pituitary at 1.5-3.0 mg/kg. The females ovulate
within 22-30.5 hours after injection.

Ovulated eggs are removed through an abdominal incision or manually stripped
through the genital opening. Eggs and refrigerated or fresh milt are mixed and stirred
gently for 30 seconds to 1 minute. Water is then added to this mixture, and after 5 minutes
mud or diatomaceous earth is stirred into the mixture for 15-20 minutes to prevent clump-
ing of the eggs.

The fertilized eggs are incubated in MacDonald hatching jars or Heath Techna trays.
To prevent the development of fungus, the eggs are treated daily with formalin at 1,670 mg/L
for 10 minutes using a constant flow method. Hatching begins at 111-121 hours at 20°C and
at 136 hours at 18°C.

Larvae are reared in fiberglass and aluminum troughs 2.4 × 0.5 × 0.2 m deep. The
troughs are connected to a flow-through freshwater system and supplied continuously with
well or reservoir water at temperatures ranging from 17°-23°C. Formalin is applied at a
rate of 1.775 mg/L for 1 hour on a regular basis, and streptomycin/penicillin is administered
occasionally.

Beginning on the seventh day, the larvae are offered live Artemia nauplii and salmon
starter meal. After yolk sac absorption, finely ground beef liver is added to the diet. The
diet is supplemented with experimental feeds and commercial semimoist and dry rations
the following week. About 3 weeks after yolk sac absorption, the diet is primarily beef liver
and commercial dry rations.

Juveniles are reared in 0.24 ha outdoor ponds with a mean depth of 1.6 m or indoors
in fiberglass tanks 3.7 m x 0.8 m deep and connected to a freshwater recirculation system.
The diet consists of the pond’s benthic fauna, with minimal supplementation of dry rations.
The tank-reared juveniles receive a variety of diets including beef liver, squid, earthworms,
polychaete worms, dry salmon and trout rations, and experimental diets. Later, the diet
consists of//3 and #4 trout crumbles.

Significant mortalities occur in both systems and appear primarily due to shipping and
handling stress following stocking. In addition, Furan 2 administered to 109-day-old
juveniles at a level below that recommended for other species caused 91.4% mortality
within 24 hours, suggesting a lethal sensitivity of shortnose sturgeon to this treatment.
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Once spawning induction is complete, broodfish are stocked in cylindrical and raceway
tanks with a volume of 730-8,600 L or a 0.24 ha pond 1.6 m deep. The tanks are supplied
with recirculated water at an exchange rate of 4-15 turnovers daily. The diet of the tank-held
adults is composed of fish, squid, molluscs, crustaceans, worms, and beef liver. The pond-
held fish do not receive any supplementation. Survival is high in both systems, but the tank-
held fish do not feed and show substantial weight loss.

Water quality in adult and juvenile rearing systems is similar with water temperatures
from 22°-24°C, ocygen at 7.0-8.0 mg/L, and a pH of 7.8-8.0. The tank nursery systems are
preferred for raising small juveniles because they permit more control of water quality
than outdoor pond systems.

(References: 187, 188)

Paddlefish
Paddlefish, Polyodon spathula, are being cultured in agency and private hatcheries. Con-
temporary work on paddlefish in North America began around 1960. Paddlefish were
artificially inseminated, and the resulting eggs were incubated in a Robertson trout egg
incubator in running spring water at a water temperature of 12.8°-13.9°C. The eggs were
treated daily with malachite green, and hatching began on the 12th day after spawning. The
rate of larval survival in troughs was low, and only pond-raised paddlefish survived beyond
the first few days and continued to grow and develop.

Spawning induction of paddlefish using intraperitoneal injections was reported in
1962, but no successes were reported until 1965 when injections of extracts of acetone-dried
carp and paddlefish pituitaries were first used. After fertilization, eggs were placed in
Robertson incubators with a flow rate of 15.1 L/rain of lake water and a water temperature
of 13.9°-16.1°C. Hatching began nine days after fertilization.

Between 1965 and 1971 rese~trch on induced spawning of paddlefish intensified, and in
one series of studies five hormones and various dosage rates were tested. Sexually mature
paddlefish were caught with gill nets and held in ponds. Hormones tested included human
chorionic gonadotropin, follicle stimulating hormone, luteinizing hormone, and paddlefish
and carp pituitary glands. Pituitary glands were preserved by acetone-drying or by quick
freezing with dry ice. Before injection, homogenized, acetone-dried pituitary glands were
mixed with 0.5-1.0 cc deionized water. Injections were made with a size 20 needle about 3
inches anterior to the symphysis of the pelvic fins and to the side of the mid-ventral line.
Glands from paddlefish of comparable weight to the fish being injected produced the best
results.

Female paddlefish weighing between 18.1-22.7 kg ovulated following intraperitoneal
injections of paddlefish or carp pituitary gland suspensions. The best response was
observed using two or three daily injections of a dose consisting of two paddlefish pituitary
glands per injection.

Male paddlefish weighing between 11.3-15.9 kg spermiated following intraperitoneal
injections of paddlefish pituitary administered at a rate of one gland per injection and with
injections of carp pituitary glands. Injections of paddlefish pituitary were most depend-
able. In general, only one dose of pituitary extract was required to induce spermiation, and
sperm was collected using a catheter.

Fertilization was accomplished by stripping the eggs into a plastic container, adding
sperm, and stirring in a small quantity of silty water to activate the sperm and prevent
clumping. Stirring was continued, and clean water was added gradually to remove the silt.
The eggs were then placed in large containers to harden before transfer to hatching
facilities.

Eggs were hatched in Robertson trout egg incubators or incubator jars. Incubator jars
gave the best results. Water flow was adjusted to roll the eggs vigorously, and a 2-minute
flush of 65 ppm malachite green was applied daily. Eggs began hatching in 10-12 days at
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water temperatures between 11.1°-14.4°C or in eight days at temperatures near 15.5°C.
Overflow tubes from the incubator jars emptied into a screened collecting receptacle. As
the fry hatched, they were carried by the flow of water into collection tanks. After hatching
was completed, the fry were stocked in ponds.

Studies of the feeding ecology and growth of paddlefish raised in hatchery ponds
showed that fry under 120 mm are particulate feeders, whereas adults are filter feeders.
At the particulate feeding stage large, slow-moving cladoceran species, especially Daphnia,
are preferred and are critical for normal development. Adults filter available zooplankton
from the water with gill takers and show less selection or avoidance than at the particulate
feeding stage.

(References: 147, 148, 158, 168, 169, 177)

APPENDIX 4
"Oviduct" Structure

Both the male and female sturgeon possess a paramesonephritic (mullerian) duct in the
adult stage. The duct opens internally into the coelomic cavity and externally at the genital
vent. It serves as an "oviduct" for the passage of eggs in the female. It is also present in
the males, but its function is unknown. The tube possesses a one-way valve near the upper
third of its length. In the female the valve functions as a control over the discharge of the
eggs from the coelomic cavity during oviposition. Because of the oviduct’s structure, its
spatial relation in the coelornic cavity, and the presence of the valve, eggs cannot be effi-
ciently handstripped from the body cavity as done with salmonids. Some success has been
achieved using airstripping techniques but, like most commercial hatchery operators, most
sturgeon hatchery personnel prefer to remove eggs through an incision in the body wall.

Schematic diagram of the white sturgeon’s oviduct, including the
relationship of the poramesonephric duct

A. Funnel of oviduct openin~j left into the coelomic covity
B. Poromesonephric doct
C. Oviduct valve
D. Kidney
E. Ureter
F. Genital pore
G. Oviduct
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APPENDIX 5
Snagging Sturgeon

Snagging is accomplished with a single-piece rod rated at 40 lb and a reel capable of
holding 900-1,050 ft of 50-1b test monofilament line. The line is attached to a 120-1b test
monofilament leader equipped with a size 5 hook and weighted with an 8-oz sinker. This
basic equipment has been used successfully for snagging sturgeon throughout the Pacific
continental states. Good sources for obtaining information on fishing techniques for adult
sturgeon are area sportsfishing publications and associations. Information often includes
a review of equipment, techniques, and information on the natural history of the fish by
specific location. An example for the Pacific coastal area is reference 47 of this manual.

APPENDIX 6
Salt Treatment for Sturgeon Broodstock and Large Fingerlings

A solution made from rock salt is used on sturgeon as a prophylactic t~eatment to prevent
disease and as a treatment for bacterial and fungal infections. Calculation of concentration
in parts per thousand (ppt) is based on half the water volume of the tank to be treated.

Light Treatment: 7.0 ppt to be applied biweekly or monthly, or as a first bath when
(Prophylactic) serious bacterial or fungal infections occur.

Moderate Treatment: 10.0 ppt to be applied once a day for three consecutive days for
light bacterial or fungal infections.

Heavy Treatment: 15.0 ppt to be applied after an initial light treatment. It is applied
once a day for 3 consecutive days for serious bacterial and fungal
infections.

Procedure: Drain the tank to one-half volume, shut down the incoming water, and provide
maximum aeration. Place the measured amount of salt in a net or mesh bag and dissolve
the salt uniformly in the tank. Leave the sturgeon in this bath for 30 minutes. For heavy
treatments, watch the fish for signs of stress and provide fresh water if stress occurs. At
the end of 30 minutes, initiate water flow at one-half the normal rate until the tank is full,
then provide full flow. Often rock salt contains soil. If the water is dirty following the treat-
ment, after 1- 2 hours drain the tanks to two-thirds volume and refill.

Salt Treatment for Fry and Sub-Eight-Inch Fingerlings

Hatchery personnel are just now experimenting with salt treatments for young sturgeon.
Young sturgeon are sensitive to salt treatments, and relatively strong concentrations can
cause stress or death. Some commercial hatcheries have had success treating young
sturgeon with low concentrations of salt. The following recommendations are concentra-
tions that have been used successfully. Variations in response of young sturgeon to salt
concentrations have been noted among different spawn lots and with different water
qualities. The following concentrations are recommended as a baseline to be adjusted as
needed, and it is recommended that treatments be initiated with small test lots of fish.

Sac Fry 0.25% salt concentration
2-4" Fingerlings 0.5% salt concentration
4-8" Fingerlings 1.0% salt concentration
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APPENDIX 7
Identification of Female White Sturgeon Before Reproductive Migration

Female white sturgeon captured in the bays before their reproductive migration have been
identified as such by the condition of the ventral scutes posterior to the anal fin. Ordinarily
pronounced and rough, the ventral scutes are nearly flush with the skin and feel relatively
smooth when stroked with finger or fingernails. This condition is believed to be due to reab-
sorption of calcium and other minerals during egg development.

APPENDIX 8
Use of Nitrofurazone as a Disinfectant

Nitrofurazone is a good disinfectant when used as a topical dressing during fish surgery
to treat abrasions and other wounds. Veterinarians often recommend direct application of
the dry powder form to the area to be treated. Under both field and hatchery conditions,
it is hard to control the dry powder because of wind and other factors common to these
relatively uncontrolled conditions. Because nitrofurazone is considered carcinogenic, it is
especially hazardous if inhaled. For this reason, hatchery personnel prefer to use an
aqueous solution to the direct use of the powder form. Although some veterinarians feel
that this reduces the effectiveness of nitrofurazone, hatchery personnel have found the
aqueous solution to perform quite well in controlling infection in sturgeon under these
conditions. Nitrofurazone can be obtained from many fisheries chemical supply houses.
The following recommendations are based on solutions made from the powder form with
9.3% active ingredient (a.i.).

Preparation of Nitrofurazone as a Topical Disinfectant: Mix 42.0 grams of 9.3% a.i.
nitrofurazone in 500 ml of boiled hatchery water. If hatchery water is not available, use
distilled water with 0.6 g NaC1 to give a 6.0% physiological saline base. The final solution
is placed in a wash bottle for ease of application.
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APPENDIX 9
Classification of Gametogenic Stages in the White Sturgeon

Stage Female Male

1 Differentiated ovary conists of fatty Testes are composed of adipose fatty
adipocytes, with oogonia and primary tissue with a thin (3-5 mm) cord of ger-
oocytes at the periphery of ovigerous minal tissue containing dividing
fold. Primary oocytes are small (50 spematogonia, loosely arranged in
m in diameter) and contain a large cysts.

nuclei with condensed chromatin.

2 At least 50% of ovarian tissue consists Germinal portion of testis is enlarged
of growing oocytes, ranging from (approximately one-third of gland
100-250 ~m. Gonial cells are almost volume) and consists of well differen-
absent. Cytoplasm is strongly baso- tiated cysts containing primary
phillic and contains large vesicles in spermatocytes.
the cortex area, staining for carbohy-
drates. There are numerous nucleoli
and often lampbrush chromosomes in
the nucleus.

3 Little or no fatty adipocytes remain Testes are enlarged, with about one-
in the ovary. There are two clutches of third of fatty tissue. Cysts contain
germ cells, one as described for stage various meiotic stages, from primary
2, and another consisting of differen- spermatocyte to spermatid. In some, a
tiated oocyte 800-1,200 ~m in diame- small number of ripe spermatozoa are
ter. Oocyte cytoplasm is eosinophillic present.
and contains yolk platelets. One- or
two- layered zona radiata and two-
layered follicular envelope are differ-
entiated. Nucleus with diffused chro-
matin and small numbers of nucleoli.
There is no pigment in the cortex
area.

4 There are two clutches of oocytes, one Testes are greatly enlarged, contains
as described in stage 2, another repre- little or no adipose tissue. All cysts
sented by large black eggs 3,500-4,000 and ducts are filled with mature
/~m diameter. Cytoplasm is filled with spermatozoa.
platelets and oil droplets and contains
melanin pigment granules in the cor-
tex area. Envelope consists of two-
layered zona radiata and thick gelatin-
ous coat. As follicle ripens, the egg
becomes polarized and the enlarged
nucleus (germinal vesicle) migrates to
the animal pole.

I
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APPENDIX 10
Incubation Medium

If commercial products (such as LI5 [Leibovitz] with bGlutamine, Sigma Chemical Com-
pany) are not available, a suitable medium can be prepared as follows:

NaC1 6.5 g
NaHCO~ 2.0 mg

KC1 250.0 mg
CaC12 300.0 mg

Dissolve above chemicals in 1.0 L of distilled water. The addition of antibiotics is not re-
quired but is recommended. If antibiotics are used, they are added to the above volume as
follows:

Penicillin 500,000 units
Streptomycin 0.25 grams

APPENDIX 11
Suture Materials

Recommended suture materials include a reverse cutting edge, half-circle surgical needle
with monofilament or braided polyester suture. The suture material should not be thread-
ed through an eye in the needle, but swedged onto the needle’s butt. The incision will heal
rapidly, so the suture material should be designed to break down in a few days. A fre-
quently used prepackaged set is Ethicon’s Cutting OS-4 Needle (B518) swedged to a 75.0 cm
sterile, nonabsorbable polyester suture. The nonabsorbable designation refers to tissue-
induced absorption, but the suture material will break down within a few days due to abra-
sion when the sturgeon moves on the bottom of the tank.
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APPENDIX 12
Oocyte Maturation

Oocyte maturation can be identified as the breakdown in the oocyte of the nuclear mem-
brane of the germinal vesicle. Germinal vesicle breakdown is the result of a surge in the
plasma gonadotropin observed prior to ovulation. Follicular cells are sensitized as a result
of the increased amount of gonadotropin and in turn release a steroid maturation hormone
which reacts with the oocyte and ultimately, through a chain of intracellular events, induces
germinal vesicle breakdown and meiotic cell division.

APPENDIX 13
Surgical Equipment

Surgical equipment for the secondary ovarian examination should include instruments
preferred by the individual performing the surgery. The following is a list of instruments
and materials used at the UC Davis sturgeon hatchery when this is performed:surgery

Scalpel, #3 handle, #10 or #15 blade
Forceps, Adson-Brown tissue
Forceps, needle (with carbide teeth insets)
Surgical needle, reversed cutting OS-4, curved (Ethicon)
Suture material, "Ethibond" green braided polyester #1 (4.0

metric) gauge, nonabsorbable, swedged onto
surgical needle

APPENDIX 14
Maturation Steroid Progesterone

All steroids, including progesterone, are insoluble in water and must initially be dissolved
in 100% ethyl alcohol. A stock solution of progesterone is prepared by adding 10 mg
Progesterone (4-Pregnene-3,20-dione, Sigma Chemical Co.) to 10 ml of 100% ethyl alcohol
giving a final concentration of 1.0 mg/ml. Then 0.2 ml of this stock solution is added direct-
ly to the 20.0 ml of Ringer’s incubation medium in each petri plate, and gently mixed. The
final ethyl alcohol concentration in the petri plate is less than 1.0% and will not affect the
incubating oocytes.
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APPENDIX 15
Spawning Induction Substances

Extracts of fresh or acetone-dried sturgeon pituitary glands have been used to stimulate a
spawning response in sturgeon, but its availability is inconsistent and limited. Human
chorionic gonadotropin (HCG), commonly used to induce spawning in other fish, has not
been used successfully with white sturgeon.

APPENDIX 16
Spawning Induction of Sturgeon with LHRHa

At present, more experience in spawning induction of sturgeon has been gained using
acetone-dried common carp pituitary powder (CCP) than with the mammalian
gonadotropin (or luteinizing hormone) releasing hormone analogue (LHRHa). LHRHa has
been used successfully by commercial breeders, but less is known about the dose-response
relationship, and their use is more experimental. This substance is 100% synthetic, at pre-
sent more experimental, and approximately three times the price of commercially available
CCP for an equivalent spawn.

Basis for calculating dose of LHRHa

The total dose for the female is divided into two injections:

Initial dose    = 10% of the total calculated dose
Resolving dose = 90% of the calculated dose

The males receive a single injection of the total dose at the time of the females’ resolving
dose.

Females - 0.1 mg/kg body weight
Males - 0,03 mg/kg body weight

The inducing hormone LHRHa readily dissolves in sterile distilled water or physiological
saline and does not require mixing in a tissue homogenizer. It is sold in preweighed quan-
tities and is easily reconstituted using a syringe and needle.

Since the quantities and injection volumes involved are so much less with LHRHa than
with CCP, a 1.0 cc syringe ("tuberculin’) is more suitable than the 3.0-5.0 cc syringes recom-
mended for use with CCP.
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APPENDIX 17
Cryopreservation

The technology for cryopreservation of fish and invertebrate gametes is being researched
at a number of institutions, and limited success has been achieved. Among the most sig-
nificant work is being conducted on the cryopreservation of salmonid eggs and sperm.
Research is being conducted on the cryopreservation of sturgeon gametes, however, the
work is still in its infancy. The ability to cryopreserve gametes would assure preservation
of gene stocks that are endangered or threatened and would preserve selected gene lines
for commercial production. Commercial hatcheries are interested in the cryopreservation
of sturgeon sperm in order to reduce the number of broodstock held in maturation
programs.

APPENDIX 18
Mechanical Siltation

Studies have been conducted using an egg incubation design in combination with
mechanical fertilization and siltation. When such a system is employed, the milt is added
to the water in the head tank, independent of the ultraviolet unit. The silt is placed in an
independent siltation sump at a rate of 25.0 ml dry silt per liter of water. The mechanical
siltation unit is a closed bypass in the normally open incubation system, in which silted
water is allowed to recirculate through the incubation jars. Recirculation is accomplished
by connecting the siltation input pipes to their respective adapters leading to the incu-
bation jars. Silt suspension is pumped through the incubation jar at a rate of 3-4 L/min.
De-adhesion occurs in the jar. Silted water then passes over the jars’ lips into the siltation
sump, where it is recirculated through the system. Once the treatment is completed
(approximately 60 minutes), the water distribution valves are closed, input pipes are
removed from the siltation sump, jar lip extensions are placed over the head tank sump, and
nonsilted water is reconnected and allowed to flow through the system.

Batches of eggs fertilized concomitantly with mechanical de-adhesion show low
embryonic survival. Manual fertilization followed by mechanical siltation produces survi-
val rates similar to those with manual fertilization and siltation. However, most hatchery
personnel prefer manual fertilization and de-adhesion as they believe the combination
provides better control over these events.
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APPENDIX 19
Fry Rations Combined with Natural Foods

Combinations of natural foods and rations have been used with success. This process com-
bines use of Tubi[ex worms with a moist ration at the initiation of feeding and then slow
elimination of the natural food until the fish have been entirely weaned to the moist diet.
In the preparation of the natural food, tubificid worms are chopped into small, 1.0-3.0 mm
pieces before feeding to the fry. As soon as possible, the sturgeon fingerlings are weaned
to a dry ration.
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